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APPENDI X A
| NDEPENDENCE, RANDOM ZATI ON, AND QOUTLI ERS
1. STATI STI CAL | NDEPENDENCE

1.1 Dunnett's Procedure and the t test with Bonferroni's

adj ustnment are paranetric procedures based on the assunptions
that (1) the observations within treatnments are independent and
normal Iy distributed, and (2) that the variance of the
observations i s honobgeneous across all toxicant concentrations
and the control. O the three possible departures fromthe
assunptions, non-normality, heterogeneity of variance, and |ack
of independence, those caused by |ack of independence are the
nost difficult to resolve (see Scheffe, 1959). For toxicity
data, statistical independence neans that given know edge of the
true mean for a given concentration or control, know edge of the
error in any one actual observation would provide no information
about the error in any other observation. Lack of independence
is difficult to assess and difficult to test for statistically.
It may al so have serious effects on the true al pha or beta |evel.
Therefore, it is of utnost inportance to be aware of the need for
statistical independence between observations and to be
constantly vigilant in avoiding any patterned experinental
procedure that m ght conprom se i ndependence. One of the best
ways to help insure independence is to follow proper

random zati on procedures throughout the test.

2. RANDOM ZATI ON

2.1 Random zation of the distribution of test organisnms anpbng
test chanbers, and the arrangenent of treatnents and replicate
chanbers is an inportant part of conducting a valid test. The
pur pose of random zation is to avoid situations where test
organi sns are placed serially into test chanbers, or where al
replicates for a test concentration are |ocated adjacent to one
anot her, which could introduce bias into the test results.

2.2 An exanple of random zation of the distribution of test
organi sns anong test chanbers, and an exanple of random zation of
arrangenent of treatments and replicate chanbers are descri bed
using the topsnelt, Atherinops affinis, Survival and Gowth test.
For the purpose of the exanple, the test design is as foll ows:
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Five effluent concentrations are tested in addition to the
control. The effluent concentrations are as follows: 6.25%
12.5% 25.0% 50.0% and 100.0% There are five replicate
chanbers per treatnment. Each replicate chanber contains five
| arvae.

2.3 RANDOM ZATI ON OF FI SH TO REPLI CATE CHAMBERS EXAMPLE

2.3.1 Consider first the random assignnment of the fish to the
replicate chanbers. The first step is to | abel each of the
replicate chanbers with the control or effluent concentration and
the replicate nunber. The next step is to assign each replicate
chanber three double-digit nunbers. An exanple of this
assignment is provided in Table A.1. Note that the double digits
00 and 91 through 99 were not used.

2.3.2 The random nunbers used to carry out the random assi gnnent
of fish to replicate chanbers are provided in Table A 2.

The third step is to choose a starting position in Table A 2, and
read the first double digit nunber. The first nunber read
identifies the replicate chanber for the first fish taken from
the tank. For the exanple, the first entry in row 2 was chosen
as the starting position. The first nunber in this rowis 37.
According to Table A 1, this nunber corresponds to replicate
chanber 2 of the 6.25%effluent concentration. Thus, the first
fish taken fromthe tank is to be placed in replicate chanber 2
of the 6.25% effluent concentration.

2.3.3 The next step is to read the double digit nunber to the
right of the first one. The second nunber identifies the
replicate chanber for the second fish taken fromthe tank.

Conti nui ng the exanple, the second nunber read in row 2 of Table
A.2 is 54. According to Table A 1, this nunber corresponds to
replicate chanber 4 of the 50.0% effluent concentration. Thus,
the second fish taken fromthe tank is to be placed in replicate
chanmber 4 of the 50.0% effluent concentration.

2.3.4 Continue in this fashion until all the fish have been
random y assigned to a replicate chanber. |In order to fill each
replicate chanber with ten fish, the assigned nunbers wll be
used nore than once. If a nunber is read fromthe table that was
not assigned to a replicate chanber, then ignore it and continue
to the next nunber. |If a replicate chanber becones filled and a
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nunber is read fromthe table that corresponds to it, then ignore
that val ue and continue to the next nunmber. The first ten random
summarized in Table A . 3.2.3.5 Three double-digit nunbers were
assigned to each replicate chanber (instead of one or two doubl e-
digit nunbers) in order to nmake efficient use of the random
nunber table (Table A 2). To illustrate, consider the assignnment
of only one double-digit nunber to each replicate chanber: the
first columm of assigned nunbers in Table A 1. \Wenever the
nunbers 00 and 31 through 99 are read from Table A 2, they wl|

be di sregarded and the next nunber will be read.

TABLE A. 1. RANDOM ASSI GNVENT OF FI SH TO REPLI CATE CHAMBERS EXAMPLE
ASSI GNED NUMBERS FOR EACH REPLI CATE CHAMBER

S))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Q

Assi gned Nunbers Repl i cate Chanbe
S))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))Q
01, 31, Control, replicate chanmber 1
02, 32, 62 Control, replicate chanmber 2
03, 33, 63 Control, replicate chanber 3
04, 34, 64 Control, replicate chanber 4
05, 35, 65 Control, replicate chanmber 5
06, 36, 66 6. 25% ef fl uent , replicate chanmber 1
07, 37, 67 6. 25% ef fl uent , replicate chanber 2
08, 38, 68 6. 25% ef fl uent , replicate chanmber 3
09, 39, 69 6. 25% ef fl uent , replicate chanber 4
10, 40, 70 6. 25% ef fl uent , replicate chanber 5
11, 41, 71 12. 5% ef f | uent, replicate chanmber 1
12, 42, 72 12. 5% ef f | uent, replicate chanmber 2
13, 43, 73 12. 5% ef f | uent, replicate chanmber 3
14, 44, 74 12. 5% ef f | uent, replicate chanber 4
15, 45, 75 12. 5% ef f | uent, replicate chanber 5
16, 46, 76 25. 0% ef fl uent , replicate chanmber 1
17, 47, 77 25. 0% ef fl uent , replicate chanmber 2
18, 48, 78 25. 0% ef fl uent , replicate chanmber 3
19, 49, 79 25. 0% ef fl uent , replicate chanber 4
20, 50, 80 25. 0% ef fl uent , replicate chanber 5
21, 51, 81 50. 0% ef fl uent, replicate chanmber 1
22, 52, 82 50. 0% ef fl uent, replicate chanmber 2
23, 53, 83 50. 0% ef fl uent, replicate chanber 3
24, 54, 84 50. 0% ef fl uent, replicate chanber 4
25, 55, 85 50. 0% ef fl uent, replicate chanber 5
26, 56, 86 100. O@beffluent replicate chanmber 1
27, 57, 87 100. 0% effluent, replicate chanber 2
28, 58, 88 100.096eff|uent, replicate chanber 3
29, 59, 89 100. 0% effluent, replicate chanber 4
30, 60, 90 100. 0% effluent, replicate chanber 5

$3333333333333333333333333333333333333333333333333313131313133131313313133)3I))Q
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2.4 RANDOM ZATI ON OF REPLI CATE CHAMBERS TO POSI TI ONS EXAMPLE

2.4.1 Next consider the random assignnment of the 30 replicate
chanbers to positions within the water bath (or equival ent).
Assune that the replicate chanbers are to be positioned in a five
row by six colum rectangular array. The first step is to |abel
the positions in the water bath. Table A 4 provides an exanpl e

| ayout. assignnments of fish to replicate chanbers for the exanple
are

TABLE A. 3. EXAMPLE OF RANDOM ASSI GNMENT OF FI RST TEN FI SH TO REPLI CATE

CHAMBERS
%))a)))))))))))))))))))))))))))))))))))%g)))))))?)))))))))))))))))))))))))))
is si gnnen

))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
First fi taken fromtank 5% ef fl uent, replicate chanber

Second f|sh taken fromtank 50.096eff|uent replicate chanber 4
Third fish taken fromtank 25.096eff|uent, replicate chanber 5
Fourth fish taken fromtank 25. 0% effluent, replicate chamber 3
Fifth fish taken fromtank Control, replicate chanber 5
Si xth fish taken fromtank Control, replicate chamber 4
Seventh fish taken fromtank 100. 0% effluent, replicate chamber 4
Eighth fish taken fromtank 25. 0% effluent, replicate chanmber 2
Ni nt h fish taken fromtank 12. 5% ef fl uent, replicate chanber 2
Tent h fish taken fromtank 50. 0% ef fluent, replicate chamber 4
23233333333313333333131331333131333131313131313131313133131331313311331131113113111X1)))D

TABLE A. 4. RANDOM ASSI GNVENT OF REPLI CATE CHAMBERS TO POSI TI ONS: EXAMPLE
LABELLI NG THE POSI TI ONS W THI N THE WATER BATH

S)))))))2))))))))))%)))))))))))g)))))))))))Z))))))))))))g))))))))))))g)))Q

7 8 9 10 11 12
13 14 15 16 17 18
19 20 21 22 23 24
25 26 27 28 29 30

$3333333333333333333333333333333133313331331313313133131331313331331331313313313313)))Q
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2.4.2 The second step is to assign each of the 30 positions
t hree doubl e-digit nunbers. An exanple of this assignnent is
provided in Table A.5. Note that the double digits 00 and 91
t hrough 99 were not used.

2.4.3 The random nunbers used to carry out the random assi gnnment
of replicate chanbers to positions are provided in Table A 2.

The third step is to choose a starting position in Table A 2, and
read the first double-digit nunber. The first nunber read
identifies the position for the first replicate chanber of the
control. For the exanple, the first entry in row 10 of Table A 2
was chosen as the starting position. The first nunber in this
row was 73. According to Table A5 this nunber corresponds to
position 13. Thus, the first replicate chanber for the control
will be placed in position 13.

2.4.4 The next step is to read the double-digit nunber to the
right of the first one. The second nunber identifies the
position for the second replicate chanber of the control.

Conti nui ng the exanple, the second nunber read in row 10 of Table
A2 is 79. According to Table A 5, this nunber corresponds to
position 19. Thus, the second replicate chanber for the control
will be placed in position 19.

2.4.5 Continue in this fashion until all the replicate chanbers
have been assigned to a position. The first five nunbers read

will identify the positions for the control replicate chanbers,
t he second five nunbers read wll identify the positions for the
| onest effluent concentration replicate chanbers, and so on. |If

a nunber is read fromthe table that was not assigned to a
position, then ignore that value and continue to the next nunber.
If a nunber is repeated in Table A 2, then ignore the repeats and
continue to the next nunber. The conplete random zation of
replicate chanbers to positions for the exanple is displayed in
Tabl e A 6.

2.4.6 Three double-digit nunbers were assigned to each position
(instead of one or two) in order to make efficient use of the
random nunber table (Table A.2). To illustrate, consider the
assignment of only one double-digit nunber to each position: the
first columm of assigned nunbers in Table A 5. \Wenever the
nunbers 00 and 31 through 99 are read from Table A 2, they w |
be di sregarded and the next nunber will be read.
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3. QUTLI ERS

3.1 An outlier is an inconsistent or questionable data point

t hat appears unrepresentative of the general trend exhibited by
the majority of the data. OQutliers may be detected by tabul ation
of the data, plotting, and by an analysis of the residuals. An
expl anation should be sought for any questi onabl e data points.

Wt hout an explanation, data points should be discarded only with
extrene caution. If there is no explanation, the analysis should
be perfornmed both with and without the outlier, and the results
of both anal yses shoul d be reported.

3.2 GCentleman-WIlk's A statistic gives a test for the condition

that the extreme observation may be considered an outlier. For a
di scussion of this, and other techniques for evaluating outliers,
see Draper and John (1981).
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TABLE A.5. RANDOM ASSIGNMENT OF REPLICATE CHAMBERS TO
POSITIONS: EXAMPLE ASSIGNED NUMBERS FOR EACH

POSITION
5300000000000 000300003 0000003000000 00000000000 000300))))),
Assigned Numbers Position
S)))))))))))))))))33))gg))23))))))))))))))))))))))))))))))3)))))))))Q

02, 32, 62 2
03, 33, 63 3
04, 34, 64 4
05, 35, 65 5
06, 36, 66 6
07, 37, 67 7
08, 38, 68 8
09, 39, 69 9
10, 40, 70 10
11, 41, 71 11
12, 42, 72 12
13, 43, 73 13
14, 44, 74 14
15, 45, 75 15
16, 46, 76 16
17, 47, 77 17
18, 48, 78 18
19, 49, 79 19
20, 50, 80 20
21, 51, 81 21
22, 52, 82 22
23, 53, 83 23
24, 54, 84 24
25, 55, 85 25
26, 56, 86 26
27, 57, 87 27
28, 58, 88 28
29, 59, 89 29
30, 60, 90 30

$33333333331313333333333333333111113333333333333331111113333313)))))))Q
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TABLE A. 6. EXAMPLE OF RANDOM ASSI GNMENT OF REPLI CATE CHAMBERS TO
POSI TI ONS:
ASS|I GNVENT OF ALL 30 POsI Tl ONS

$333333333333333333313333333331333133333313331333133313331333133313331331333133))3)))Q
25. 0% 50. 0% 6. 25% 6. 25% 100. 0%

Cont r ol
25. 0% 12. 5% 50. 0% 25. 0% 50. 0% 12. 5%
Cont r ol 12. 5% 100. 0% 100. 0% 6. 25% 6. 25%
Cont r ol 12. 5% 100. 0% 6. 25% Cont r ol 25. 0%
100. 0% 25. 0% Cont r ol 50. 0% 50. 0% 12. 5%

$333333333133333333333313333333333133313331331313313133131313133131331313313131313313131313)))Q
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APPENDI X B

VALI DATI NG NORMALI TY AND HOMOGENEI TY OF VARI ANCE ASSUMPTI ONS

1. 1 NTRODUCTI ON

1.1 Dunnett's Procedure and the t test with Bonferroni's

adj ust ment are paranetric procedures based on the assunptions
that the observations within treatnents are i ndependent and
normal Iy distributed, and that the variance of the observations
i s honbgeneous across all toxicant concentrations and the
control. These assunptions should be checked prior to using
these tests, to determne if they have been net. Tests for

val idating the assunptions are provided in the foll ow ng

di scussion. |If the tests fail (if the data do not neet the
assunptions), a nonparanetric procedure such as Steel's Many-one
Rank Test may be nore appropriate. However, the decision on
whet her to use paranetric or nonparanetric tests may be a

j udgenent call, and a statistician should be consulted in

sel ecting the anal ysis.

2. TEST FOR NORVAL DI STRI BUTI ON OF DATA
2.1 SHAPI RO-W LK S TEST

2.1.1 One formal test for normality is the Shapiro-WIk's Test
(Conover, 1980). The test statistic is obtained by dividing the
square of an appropriate |inear conbination of the sanple order
statistics by the usual symmetric estimte of variance. The

cal cul ated Wnust be greater than zero and | ess than or equal to
one. This test is recomended for a sanple size of 50 or |ess.

| f the sanple size is greater than 50, the Kol nogorov "D
statistic (Stephens, 1974) is recommended. An exanple of the
Shapiro-WIlk's test is provided bel ow

2.2 The exanple uses growh data fromthe Mysid Larval Surviva
and Gowh Test. The sane data are used later in the discussions
of the honpbgeneity of variance determination in Section 3 of this
appendi x and Dunnett's Procedure in Appendix C. The data, the
mean and variance of the observations at each concentration,
including the control, are listed in Table B.1.
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TABLE B. 1.

MYSI D, HOLMESI MYSI S COSTATA, GROWMH DATA

23333133333333313333333333133313333333313331333131333133131331313333313133313331333131313)))

Concentration (%
Replicate Cont r ol 1.80 3.20 5. 60

0220320003303 0330300003 5000330303003 000330 0030030003300 00000003000,

1 0. 048 0. 055 0. 057 0. 041

2 0. 058 0. 048 0. 050 0. 040

3 0. 047 0.042 0. 046 0. 041

4 0. 058 0. 041 0. 043 0. 043

5 0. 051 0. 052 0. 045 0. 040
0220320333030 003303 0030350003303 303 3000000300033 000003000,
Mean( &) 0. 052 0. 048 0. 048 0. 041
S? 0. 0000283 0. 0000373 0. 0000307 0. 0000015
i 1 2 3 4

23333133333333313331333333313331331333333131331313313133131331313313133313331331313331333131313)))

2.3 The first step of the test for
observations by subtracting the nean of al
concentration from each observation in that concentration

normality is to center the
observations wthin a
The

centered observations are listed in Table B. 2.

TABLE B. 2.

CENTERED OBSERVATI ONS FOR SHAPI RO- W LK' S EXAMPLE

2333333333333313333333333133313313133313313133131331313131331313313133131333131313331333131313)))

Concentration (%

Replicate Cont r ol 1.80 3.20 5. 60
0220320333033 03303 3003503033030 00300303 3000000300003 0000030000300));
1 -0. 004 0. 007 0. 009 0. 000
2 0. 006 0. 000 0. 002 -0.001
3 - 0. 005 -0. 006 -0. 002 0. 000
4 0. 006 - 0. 007 - 0. 005 0. 002
5 -0.001 0. 004 -0. 003 -0.001

22333333333133313333333333333133333333133313133131331313313133131333133313313133131333131313)))

2.4 Calculate the denom nat or

D, of the statistic:

n — 2
D™ " (X, &X)

1

VWher e: the ith center

)(i

"1

ed observation
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X = the overall nean of the centered observations

n = the total nunber of centered observations

2.4.1 For this set of data, n 20

b
I

1 (0.001) = 0.000
20

D

0. 000393
2.5 Oder the centered observations fromsmallest to | argest
XD # X2 # . # XM

where X() denotes the ith ordered observation. The ordered
observations for this exanple are listed in Table B. 3.

TABLE B. 3. ORDERED CENTERED OBSERVATI ONS FOR SHAPI RO-W LK' S EXAVPLE
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

1 - 0. 0.

2 -0.006 12 0.000
3 -0. 005 13 0. 000
4 -0. 005 14 0. 002
5 -0.004 15 0. 002
6 -0. 003 16 0. 004
7 -0.002 17 0. 006
8 -0.001 18 0. 006
9 -0.001 19 0. 007
10 -0.001 20 0. 009

2233333333333333333333331333133131333133131333133313331333133313331333133133133131311)))

2.6 From Table B.4, for the nunber of observations, n, obtain
the coefficients a;,, a,, ... a  where kis n/2if nis even and
(n-1)/2 if nis odd. For the data in this exanple, n = 20 and k
= 10. The a; values are listed in Table B.5.
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TABLE B.4. COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (Conover, 1980)

Number of Observations

it" 2 3 4 5 6 7 8 9 10
1 0.7071 0.7071 0.6872 0.6646 0.6431 0.6233 0.6052 0.5888 0.5739
2 - 0.0000 0.1667 0.2413 0.2806 0.3031 0.3164 0.3244 0.3291
3 - - - 0.0000 0.0875 0.1401 0.1743 0.1976 0.2141
4 - - - - - 0.0000 0.0561 0.0947 0.1224
5 - - - - - - - 0.0000 0.0399
Number of Observations
it" 11 12 13 14 15 16 17 18 19 20
1 0.5601 0.5475 0.5359 0.5251 0.5150 0.5056 0.4968 0.4886 0.4808 0.4734
2 0.3315 0.3325 0.3325 0.3318 0.3306 0.3290 0.3273 0.3253 0.3232 0.3211
3 0.2260 0.2347 0.2412 0.2460 0.2495 0.2521 0.2540 0.2553 0.2561 0.2565
4 0.1429 0.1586 0.1707 0.1802 0.1878 0.1939 0.1988 0.2027 0.2059 0.2085
5 0.0695 0.0922 0.1099 0.1240 0.1353 0.1447 0.1524 0.1587 0.1641 0.1686
6 0.0000 0.0303 0.0539 0.0727 0.0880 0.1005 0.1109 0.1197 0.1271 0.1334
7 - - 0.0000 0.0240 0.0433 0.0593 0.0725 0.0837 0.0932 0.1013
8 - - - - 0.0000 0.0196 0.0359 0.0496 0.0612 0.0711
9 - - - - - - 0.0000 0.0163 0.0303 0.0422
10 - - - - - - - - 0.0000 0.0140
Number of Observations
it" 21 22 23 24 25 26 27 28 29 30
1 0.4643 0.4590 0.4542 0.4493 0.4450 0.4407 0.4366 0.4328 0.4291 0.4254
2 0.3185 0.3156 0.3126 0.3098 0.3069 0.3043 0.3018 0.2992 0.2968 0.2944
3 0.2578 0.2571 0.2563 0.2554 0.2543 0.2533 0.2522 0.2510 0.2499 0.2487
4 0.2119 0.2131 0.2139 0.2145 0.2148 0.2151 0.2152 0.2151 0.2150 0.2148
5 0.1736 0.1764 0.1787 0.1807 0.1822 0.1836 0.1848 0.1857 0.1864 0.1870
6 0.1399 0.1443 0.1480 0.1512 0.1539 0.1563 0.1584 0.1601 0.1616 0.1630
7 0.1092 0.1150 0.1201 0.1245 0.1283 0.1316 0.1346 0.1372 0.1395 0.1415
8 0.0804 0.0878 0.0941 0.0997 0.1046 0.1089 0.1128 0.1162 0.1192 0.1219
9 0.0530 0.0618 0.0696 0.0764 0.0823 0.0876 0.0923 0.0965 0.1002 0.1036
10 0.0263 0.0368 0.0459 0.0539 0.0610 0.0672 0.0728 0.0778 0.0822 0.0862
11 0.0000 0.0122 0.0228 0.0321 0.0403 0.0476 0.0540 0.0598 0.0650 0.0697
12 - - 0.0000 0.0107 0.0200 0.0284 0.0358 0.0424 0.0483 0.0537
13 - - - - 0.0000 0.0094 0.0178 0.0253 0.0320 0.0381
14 - - - - - - 0.0000 0.0084 0.0159 0.0227
15 - - - - - - - - 0.0000 0.0076
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TABLE B.4. COEFFICIENTS FOR THE SHAPIRO-WILK'S TEST (CONTINUED)

Number of Observations

it 31 32 33 34 35 36 37 38 39 40

1 0.4220 0.4188 0.4156 0.4127 0.4096 0.4068 0.4040 0.4015 0.3989 0.3964
2 0.2921 0.2898 0.2876 0.2854 0.2834 0.2813 0.2794 0.2774 0.2755 0.2737
3 0.2475 0.2462 0.2451 0.2439 0.2427 0.2415 0.2403 0.2391 0.2380 0.2368
4 0.2145 0.2141 0.2137 0.2132 0.2127 0.2121 0.2116 0.2110 0.2104 0.2098
5 0.1874 0.1878 0.1880 0.1882 0.1883 0.1883 0.1883 0.1881 0.1880 0.1878
6 0.1641 0.1651 0.1660 0.1667 0.1673 0.1678 0.1683 0.1686 0.1689 0.1691
7 0.1433 0.1449 0.1463 0.1475 0.1487 0.1496 0.1505 0.1513 0.1520 0.1526
8 0.1243 0.1265 0.1284 0.1301 0.1317 0.1331 0.1344 0.1356 0.1366 0.1376
9 0.1066 0.1093 0.1118 0.1140 0.1160 0.1179 0.1196 0.1211 0.1225 0.1237
10 0.0899 0.0931 0.0961 0.0988 0.1013 0.1036 0.105 0.1075 0.1092 0.1108
11 0.0739 0.0777 0.0812 0.0844 0.0873 0.0900 0.0924 0.0947 0.0967 0.0986
12 0.0585 0.0629 0.0669 0.0706 0.0739 0.0770 0.0798 0.0824 0.0848 0.0870
13 0.0435 0.0485 0.0530 0.0572 0.0610 0.0645 0.0677 0.0706 0.0733 0.0759
14 0.0289 0.0344 0.0395 0.0441 0.0484 0.0523 0.0559 0.0592 0.0622 0.0651
15 0.0144 0.0206 0.0262 0.0314 0.0361 0.0404 0.0444 0.0481 0.0515 0.0546
16 0.0000 0.0068 0.0131 0.0187 0.0239 0.0287 0.0331 0.0372 0.0409 0.0444
17 - - 0.0000 0.0062 0.0119 0.0172 0.0220 0.0264 0.0305 0.0343
18 - - - - 0.0000 0.0057 0.0110 0.0158 0.0203 0.0244
19 - - - - - - 0.0000 0.0053 0.0101 0.0146
20 - - - - - - - - 0.0000 0.0049

Number of Observations

it 41 42 43 44 45 46 47 48 49 50

1 0.3940 0.3917 0.3894 0.3872 0.3850 0.3830 0.3808 0.3789 0.3770 0.3751
2 0.2719 0.2701 0.2684 0.2667 0.2651 0.2635 0.2620 0.2604 0.2589 0.2574
3 0.2357 0.2345 0.2334 0.2323 0.2313 0.2302 0.2291 0.2281 0.2271 0.2260
4 0.2091 0.2085 0.2078 0.2072 0.2065 0.2058 0.2052 0.2045 0.2038 0.2032
5 0.1876 0.1874 0.1871 0.1868 0.1865 0.1862 0.1859 0.1855 0.1851 0.1847
6 0.1693 0.1694 0.1695 0.1695 0.1695 0.1695 0.1695 0.1693 0.1692 0.1691
7 0.1531 0.1535 0.1539 0.1542 0.1545 0.1548 0.1550 0.1551 0.1553 0.1554
8 0.1384 0.1392 0.1398 0.1405 0.1410 0.1415 0.1420 0.1423 0.1427 0.1430
9 0.1249 0.1259 0.1269 0.1278 0.1286 0.1293 0.1300 0.1306 0.1312 0.1317
10 0.1123 0.1136 0.1149 0.1160 0.1170 0.1180 0.1189 0.1197 0.1205 0.1212
11 0.1004 0.1020 0.1035 0.1049 0.1062 0.1073 0.1085 0.1095 0.1105 0.1113
12 0.0891 0.0909 0.0927 0.0943 0.0959 0.0972 0.0986 0.0998 0.1010 0.1020
13 0.0782 0.0804 0.0824 0.0842 0.0860 0.0876 0.0892 0.0906 0.0919 0.0932
14 0.0677 0.0701 0.0724 0.0745 0.0765 0.0783 0.0801 0.0817 0.0832 0.0846
15 0.0575 0.0602 0.0628 0.0651 0.0673 0.0694 0.0713 0.0731 0.0748 0.0764
16 0.0476 0.0506 0.0534 0.0560 0.0584 0.0607 0.0628 0.0648 0.0667 0.0685
17 0.0379 0.0411 0.0442 0.0471 0.0497 0.0522 0.0546 0.0568 0.0588 0.0608
18 0.0283 0.0318 0.0352 0.0383 0.0412 0.0439 0.0465 0.0489 0.0511 0.0532
19 0.0188 0.0227 0.0263 0.0296 0.0328 0.0357 0.0385 0.0411 0.0436 0.0459
20 0.0094 0.0136 0.0175 0.0211 0.0245 0.0277 0.0307 0.0335 0.0361 0.0386
21 0.0000 0.0045 0.0087 0.0126 0.0163 0.0197 0.0229 0.0259 0.0288 0.0314
22 - - 0.0000 0.0042 0.0081 0.0118 0.0153 0.0185 0.0215 0.0244
23 - - - - 0.0000 0.0039 0.0076 0.0111 0.0143 0.0174
24 - - - - - - 0.0000 0.0037 0.0071 0.0104
25 - - - - - - - - 0.0000 0.0035
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2.7 Conpute the test statistic, W as foll ows:

1k . 2
5[-af()((n&a%l)&)((7))]
i"1

The differences X(™i*h) . X0) are listed in Table B.5. For this
set of data:

W = 1 (0.0194)2 = 0.958
0. 000393

TABLE B.5. CCEFFI Cl ENTS AND DI FFERENCES FOR SHAPI RO- W LK' S EXAMPLE

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
a I’]

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

1 0. 0.
2 0. 3211 0. 013 X(lg) - X(Z)
3 0. 2565 0.011 X8 - X(3)
4 0. 2085 0.011 XA . X4
5 0. 1686 0. 008 X8 - X(5)
6 0.1334 0. 005 X% - X(6)
7 0.1013 0. 004 X8 - X
8 0.0711 0. 001 X3 - X(8)
9 0. 0422 0. 001 X2 - X()
10 0. 0140 0. 001 X1 X109

)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

2.8 The decision rule for this test is to conpare the conmputed W
to the critical value found in Table B.6. If the conputed Wis

| ess than the critical value, conclude that the data are not
normal Iy distributed. For this set of data, the critical value

at a significance level of 0.01 and n = 20 observations is 0. 868.
Since W= 0.958 is greater than the critical value, conclude that
the data are normal ly distributed.

2.9 In general, if the data fail the test for normality, a
transformation such as to |l og values may normalize the data.
After transformng the data, repeat the Shapiro WIlk's Test for
normality.
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TABLE B.6. QUANTILES OF THE SHAPIRO WILK'S TEST STATISTIC (Conover, 1980)

n 0.01 0.02 0.05 0.10 0.50 0.90 0.95 0.98 0.99

3 0.753 0.756 0.767  0.789 0.959 0.998 0.999 1.000 1.000
4 0.687 0.707 0.748 0.792 0.935 0.987 0.992 0.996 0.997
5 0.686 0.715 0.762 0.806 0.927 0.979 0.986 0.991 0.993
6 0.713 0.743 0.788 0.826 0.927 0.974 0.981 0.986 0.989
7 0.730 0.760 0.803 0.838 0.928 0.972 0.979 0.985 0.988
8 0.749 0.778 0.818 0.851 0.932 0.972 0.978 0.984 0.987
9 0.764 0.791 0.829 0.859 0.935 0.972 0.978 0.984 0.986
10 0.781 0.806 0.842 0.869 0.938 0.972 0.978 0.983 0.986
11 0.792 0.817 0.850 0.876 0.940 0.973 0.979 0.984 0.986
1z 0.805 0.828 0.859 0.883 0.943 0.973 0.979 0.984 0.986
13 0.814 0.837 0.866 0.889 0.945 0.974 0.979 0.984 0.986
14 0.825 0.846 0.874 0.895 0.947 0.975 0.980 0.984 0.986
15 0.835 0.855 0.881 0.901 0.950 0.975 0.980 0.984 0.987
16 0.844 0.863 0.887 0.906 0.952 0.976 0.981 0.985 0.987
17 0.851 0.869 0.892 0.910 0.954 0.977 0.981 0.985 0.987
18 0.858 0.874 0.897 0.914 0.956 0.978 0.982 0.986 0.988
19 0.863 0.879 0.901 0.917 0.957 0.978 0.982 0.986 0.988
20 0.868 0.884 0.905 0.920 0.959 0.979 0.983 0.986 0.988
21 0.873 0.888 0.908 0.923 0.960 0.980 0.983 0.987 0.989
22 0.878 0.892 0.911 0.926 0.961 0.980 0.984 0.987 0.989
23 0.881 0.895 0.914 0.928 0.962 0.981 0.984 0.987 0.989
24 0.884 0.898 0.916 0.930 0.963 0.981 0.984 0.987 0.989
25 0.888 0.901 0.918 0.931 0.964 0.981 0.985 0.988 0.989
26 0.891 0.904 0.920 0.933 0.965 0.982 0.985 0.988 0.989
27 0.894 0.906 0.923 0.935 0.965 0.982 0.985 0.988 0.990
28 0.896 0.908 0.924 0.936 0.966 0.982 0.985 0.988 0.990
29 0.898 0.910 0.926 0.937 0.966 0.982 0.985 0.988 0.990
30 0.900 0.912 0.927  0.939 0.967 0.983 0.985 0.988 0.990
31 0.902 0.914 0.929 0.940 0.967 0.983 0.986 0.988 0.990
32 0.904 0.915 0.930 0.941 0.968 0.983 0.986 0.988 0.990
33 0.906 0.917 0.931 0.942 0.968 0.983 0.986 0.989 0.990
34 0.908 0.919 0.933 0.943 0.969 0.983 0.986 0.989 0.990
35 0.910 0.920 0.934 0.944 0.969 0.984 0.986 0.989 0.990
36 0.912 0.922 0.935 0.945 0.970 0.984 0.986 0.989 0.990
37 0.914 0.924 0.936 0.946 0.970 0.984 0.987 0.989 0.990
38 0.916 0.925 0.938 0.947 0.971 0.984 0.987 0.989 0.990
39 0.917 0.927 0.939 0.948 0.971 0.984 0.987 0.989 0.991
40 0.919 0.928 0.940 0.949 0.972 0.985 0.987 0.989 0.991
41  0.920 0.929 0.941 0.950 0.972 0.985 0.987 0.989 0.991
42 0.922 0.930 0.942 0.951 0.972 0.985 0.987 0.989 0.991
43 0.923 0.932 0.943 0.951 0.973 0.985 0.987 0.990 0.991
44  0.924 0.933 0.944 0.952 0.973 0.985 0.987 0.990 0.991
45 0.926  0.934 0.945 0.953 0.973 0.985 0.988 0.990 0.991
46 0.927 0.935 0.945 0.953 0.974 0.985 0.988 0.990 0.991
47 0.928 0.936 0.946 0.954 0.974 0.985 0.988 0.990 0.991
48 0.929 0.937 0.947  0.954 0.974 0.985 0.988 0.990 0.991
49 0.929 0.937 0.947  0.955 0.974 0.985 0.988 0.990 0.991
50 0.930 0.938 0.947  0.955 0.974 0.985 0.988 0.990 0.991
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3. TEST FOR HOMOGENEI TY OF VARI ANCE

3.1 For Dunnett's Procedure and the t test with Bonferroni's

adj ustment, the variances of the data obtained from each toxicant
concentration and the control are assuned to be equal.

Bartlett's Test is a formal test of this assunption. |In using
this test, it is assuned that the data are normally distributed.

3.2 The data used in this exanple are growmh data froma Msid
Survival and G owh Test, and are the same data used in Appendi x
C. These data are listed in Table B.7, together with the
cal cul ated variance for the control and each toxicant
concentrati on.

TABLE B.7. MySID, HOLMESI MYSI S COSTATA, GROWMH DATA

0220320203303 0330300303 0003303030033 03 3000330000 0030000300));
Concentration (%

Replicate Contr ol 1.80 3.20 5. 60
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
2 O 058 O 048 O 050 O 040
3 0. 047 0. 042 0. 046 0. 041
4 0. 058 0. 041 0.043 0.043
5 0. 051 0. 052 0. 045 0. 040
ﬁ%))?&?)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
an
S? 0. 0000283 0. 0000373 0. 0000307 0. 0000015
' 1 2 3 4

i
22333333333333133333333333333313333331333131331313313133131331313331333133131333133131313)))

3.3 The test statistic for Bartlett's Test (Snedecor and
Cochran, 1980) is as foll ows:

P _ P
[C=V,)InS*& =V, InS’]
B - i1 i1
C
Where: V = degrees of freedomfor each effluent concentration
and control, (V, = n; - 1)
p = nunber of |evels of toxicant concentration

i ncludi ng the control
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In =1og.

i =1, 2, ..., p where p is the nunber of
concentrations including the control

n, =the nunber of replicates for concentration i.

P
(= V.5%)
§2. i1
P
"
iv1

P P
C"1%[3(p&1)]&[ = I7v.&( ™ Vf)&l]
i i1

i"1

3.4 Since Bis approximately distributed as chi-square with p -
1 degrees of freedom when the variances are equal, the
appropriate critical value is obtained froma table of the
chi-square distribution for p - 1 degrees of freedomand a
significance level of 0.01. If Bis less than the critical value
then the variances are assuned to be equal.

3.5 For the data in this exanple, all concentrations including
the control have the sane nunber of replicates (n; - 5 for al
i). Thus, V, =4 for all i. For this data, p = 4, & =
0.0000245, and C = 1.104. Bartlett's statistic is therefore:

P

B * [(16)In(0.0000245)&4 '1n($f)]/1.104
"1

i"

[16(-10.617) - 4(-44.470)]/1.104

[-169.872 - (-177.880)]/1.104
= 7.254

3.6 Since Bis approximately distributed as chi-square with p -
1 degrees of freedom when the variances are equal, the
appropriate critical value for the test is 9.21 for a
significance level of 0.01. Since B = 7.254 is less than 9. 21,
conclude that the variances are not different.
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4. TRANSFORMATI ONS OF THE DATA

4.1 Wen the assunptions of nornality and/or honogeneity of
variance are not net, transformations of the data may renedy the
problem so that the data can be anal yzed by paranetric
procedures, rather than nonparanetric techni que such as Steel's
Many-one Rank Test or WI coxon's Rank Sum Test. Exanpl es of
transformations include |og, square root, arc sine square root,
and reciprocals. After the data have been transformed, the
Shapiro-WIlk's and Bartlett's tests should be perforned on the
transf orned observations to determ ne whet her the assunptions of
normal ity and/ or honogeneity of variance are net.

4.2 ARC SI NE SQUARE ROOT TRANSFORMATI ON ( USEPA, 1993).

4.2.1 For data consisting of proportions froma binom al
(response/ no response; |ive/dead) response variable, the variance
within the ith treatnent is proportional to P (1 - P), where P
is the expected proportion for the treatnent. This clearly

vi ol ates the honobgeneity of variance assunption required by
paranetric procedures such as Dunnett's Procedure or the t test
wi th Bonferroni's adjustnent, since the existence of a treatnent
effect inplies different values of P, for different treatnents,
i. Also, when the observed proportions are based on smal
sanples, or when P, is close to zero or one, the normality
assunption may be invalid. The arc sine square root (arc sine
%&&& ) transformation is conmonly used for such data to
stabilize the variance and satisfy the normality requirenent.

4.2.2 Arc sine transformation consists of determning the angle
(in radians) represented by a sine value. 1In the case of arc
sine square root transformation of nortality data, the organism
response proportion (proportion dead or affected; proportion
surviving) is taken as the sine value, the square root of the
sine value is determ ned, and the angle (in radians) for the
square root of the sine value is determ ned. Wenever the
response proportion is O or 1, a special nodification of the arc
sine square root transformation nust be used (Bartlett, 1937).
An expl anation of the arc sine square root transformation and the
nodi fication is provided bel ow

4.2.3 Calculate the response proportion (RP) at each effluent
concentration, in this case proportion surviving where:
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RP = (nunber of surviving or unaffected organi sns)/ ( nunber
exposed).

Exanple: If 12 of 20 animals in a given treatnent replicate
survive:
RP = 12/20
= 0.60

4.2.4 Transformeach RP to its arc sine square root, as foll ows:

4.2.4.1 For RPs greater than zero or |ess than one:

Angl e (radians) = /Rp

Exanmple: If RP = 0.60:

Angle = arc sine ,/0.60

arc sine 0.7746

0. 8861 radi ans

4.2.4.2 Mdification of the arc sine square root when RP = 0.
Angle (in radians) = arc sine [I1/4N

Where: N = Nunber of aninmals/treatment replicate

Exanple: If 20 animals are used:

Angl e

arc sine ,/1/80

arc sine 0.1118

0. 1120 radi ans
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4.2.4.3 Modification of the arc sine square root when RP = 0
Angle = 1.5708 radians - (radians for RP = 0)
Exanpl e: Usi ng above val ue:

Angl e

1.5708 - 0.1120

1. 4588 radi ans
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APPENDI X C

DUNNETT' S PROCEDURE

1. MANUAL CALCULATI ONS

1.1 Dunnett's Procedure (Dunnett, 1955; Dunnett, 1964) is used
to conpare each concentration nmean with the control nean to
decide if any of the concentrations differ fromthe control

This test has an overall error rate of al pha, which accounts for
the nmultiple conparisons with the control. It is based on the
assunptions that the observations are independent and normal ly
di stributed and that the variance of the observations is
honbgeneous across all concentrations and control. (See Appendi X
B for a discussion on validating the assunptions). Dunnett's
Procedure uses a pooled estimate of the variance, which is equal
to the error value calculated in an analysis of variance.
Dunnett's Procedure can only be used when the sane nunber of
replicate test vessels have been used at each concentration and
the control. When this condition is not net, thet test with
Bonferroni's adjustnment is used (see Appendi x D)

1.2 The data used in this exanple are growh data froma Mysid
Survival and G owh Test, and are the same data used i n Appendi x
B. These data are listed in Table C 1.

TABLE C. 1. MYSID, HOLMESI MYSI S COSTATA, GROWH DATA

DD203333333033330330303303 3003303330300 03300300000303))))
Concentration (%

Replicate Cont r ol 1.80 3.20 5.60
D233 330333303303 3303300330303 3030000300033000030))0)))
1 0. 048 0. 055 0. 057 0. 041
2 0. 058 0. 048 0. 050 0. 040
3 0. 047 0. 042 0. 046 0. 041
4 0. 058 0. 041 0. 043 0. 043
5 0. 051 0. 052 0. 045 0. 040
D233 30333303003 0330330033030 030003303030 0330030000030)))))
Mean (&) 0. 052 0. 048 0. 048 0. 041
Total (T;) 0. 262 0. 238 0.241 0. 205

i 1 2 3 4

22333333333333333333333333333333313331333133313331331333133133133131311)))

587



1.3 One way to obtain an estimate of the pooled variance is to
construct an ANOVA table including all sunms of squares, as
described in Table C. 2:

TABLE C. 2. ANOVA TABLE

Sour ce df Sum of Squar es Mean Squar e( M5)
(SS) (SS/ df )

2
Bet ween p-1 SSB Ss = SSB/ (p-1)

2
Wthin N-p SSW Sw = SSW (N-p)
Tot al N- 1 SST
Were: p = nunber of effluent concentrations including

the control

N = the total sanple size; N':”f
n, = the nunber of replicates for concentration "i"
SST'f,YUZ&GZ/N Total Sum of Squares

1J

SSB**T.2/n &G2/N

Bet ween Sum of Squares
1

SSW"SST&SSB Wthin Sum of Squares

G = the grand total of all sanple

p
observations; G" ™ T,
iv1

T = the total of the replicate neasurenments for
concentration i
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N = the total sanple size; N':”f
n = t he nunber of replicates for concentration i
Yi; = the jth observation for concentration

1.4 For the data in this exanple:

N = 20
Ty = Y + Y, + Y3 + Yy + Y5 = 0,262
To = Yo + Yo + Yo + Yy + Y5 = 0.238
Ts = Ya + Yz + Y + Y5 + Yz = 0.241
Ty = Yy + Ygo + Yy + Yy + Vg5 = 0.205
G =T, +T, + T3 + T, = 0.946
f 2
SSB * ¢ T,/nf&GZ/N
i"1
= _1 (0.225) - (0.946)% = 0.000254
5 20
P i

SST * = = Y[ &G2/N

i"1j"1

= 0.0455 - (0.946)? = 0.000754

20
SSW = SST&SSB = 0.000754 - 0.000254 = 0. 000500
S2 = SSB/(p-1) = 0.000254/(4-1) = 0.0000847
S3, = SSW(Np) = 0.000500/ (20-4) = 0.0000313

Summari ze these data in the ANOVA table, as shown in Table

589



TABLE C. 3. COVPLETED ANOVA TABLE FOR DUNNETT' S PROCEDURE EXAMPLE

Sour ce df Sum of Squar es Mean Square (MS)
(SS) (SS/ df)

Bet ween 3 0. 000254 0. 0000847

W thin 16 0. 000500 0. 0000313

Tot al 19 0. 000754

1.6 To performthe individual conparisons, calculate the t
statistic for each concentrati on and control conbinati on, as

foll ows:

. (Y, 87Y,)
s, [(I/n) % (1/n,)
Where: &, = nean for the control
& = nean for each concentratioon i
S, = square root of the within mean square
n, = nunber of replicates in the control
n, = nunber of replicates for concentration i

1.7 Table C.4 includes the calculated t values for each
concentration and control conbi nati on.
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TABLE C. 4. CALCULATED t VALUES
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Concentration (ppb) t;
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
3 20 3 1 131
5. 60 4 3.111

23333133333333313331333333313331331333333131331313313133131331313313133313331331313331333131313)))

1.8 Since the purpose of the test is only to detect a decrease
in growh fromthe control, a one-sided test is appropriate. The
critical value for the one-sided conparison is read fromthe
table of Dunnett's "t" values (Table C. 5; this table assunes an
equal nunber of replicates in all treatnment concentrations and
the control). For this set of data, with an overall al pha |eve
of 0.05, 16 degrees of freedom and three concentrations excl uding
the control, the critical value is 2.23. The nmean wei ght for
concentration "i" is considered significantly |l ess than the nean
wei ght for the control if t; is greater than the critical val ue.
Conparing each of the calculated t values in Table C.4 with the
critical value, a significant decrease in growh fromthe contro
is detected in the 5.60% concentration. Therefore, the NOEC and
the LOEC for growmh are 3.20% and 5.60% respectively.
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1.9 To quantify the sensitivity of the test, the m ninmm
significant difference (MSD) may be calculated. The formula is
as foll ows:

MSD*d S,,/(1/n)%(1/n)

Where:d = critical value for the Dunnett's Procedure
S, = the square root of the within nmean square
n = the nunber of replicates at each concentration
assum ng an equal nunber of replicates at al
treat ment concentrations
n, = nunber of replicates in the control

For exanpl e:

MSD = 2.23(0.00559)/(1/5)%(1/5)

2.23 (0.00559) (0. 632)

0. 00788

1.10 Therefore, for this set of data, the m ninmumdifference
bet ween the control nean and a concentration nean that can be
detected as statistically significant is 0.00788 ng. This

represents a 15.2%reduction in nmean weight fromthe control.

1.11 |If the data have not been transfornmed, the MSD (and the
percent decrease fromthe control nmean that it represents) can be
reported as is.

1.11.1 In the case where the data have been transfornmed, the MSD
woul d be in transforned units. 1In this case carry out the
foll ow ng conversion to determne the MSD in untransformed units.

1.11.2 Subtract the MSD fromthe transforned control nean. Cal
this difference D. Next, obtain untransforned values for the
control nean and the difference, D. Finally, conpute the
untransfornmed MSD as foll ows:
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MSD, = control, - D,

Wer e: MBD, = the mninmum significant difference for
untransfornmed data

Control , t he untransforned control nean

D, = the untransfornmed difference

1.11.3 Calculate the percent reduction fromthe control that
MSD, represents as:

VBD,
Percent Reduction = )))))))))))) X 100
Control ,

1.11.3.1 An exanple of a conversion of the MSD to untransforned
units, when the arc sine square root transformation was used on
t he data, follows.

Step 1. Subtract the MSD fromthe transforned control nean.
As an exanpl e, assune the data in Table C. 1 were
transforned by the arc sine square root
transformation. Thus:

0.052 - 0.00788 = 0.04412

Step 2. ot ain untransformed val ues for the control nean
(0.052) and the difference (0.04412) obtained in
Step 1, above.

[ Sine (0.052)]2 = 0.00270
[ Sine (0.04412)]1% = 0.00195

Step 3. The untransforned MsSD (MSD,) is determ ned by
subtracting the untransforned val ues obtained in
Step 2.

MsD, = 0.00270 - 0.00195 = 0.00075

In this case, the MSD woul d represent a 1.4% decrease in survival
fromthe control [(0.00075/0.052)(100)].
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2.  COWPUTER CALCULATI ONS

2.1 This conputer programincorporates two anal yses: an

anal ysis of variance (ANOVA), and a multiple conparison of
treatment neans with the control nmean (Dunnett's Procedure). The
ANOVA is used to obtain the error value. Dunnett's Procedure

i ndi cat es whi ch toxicant concentration neans (if any) are
statistically different fromthe control nean at the 5%/ evel of
significance. The program also provides the m ninum difference
bet ween the control and treatnent nmeans that could be detected as
statistically significant, and tests the validity of the
honmogeneity of variance assunption by Bartlett's Test. The
mul ti pl e conparison is perforned based on procedures described by
Dunnett (1955).

2.2 The source code for the Dunnett's programis structured into
a series of subroutines, controlled by a driver routine. Each
subroutine has a specific function in the Dunnett's Procedure,
such as data input, transformng the data, testing for equality
of variances, conputing p values, and cal cul ati ng the one-way
anal ysi s of variance.

2.3 The program conpares up to seven toxicant concentrations
agai nst the control, and can accommodate up to 50 replicates per
concentration.

2.4 1f the nunber of replicates at each toxicant concentration
and control are not equal, at test with the Bonferroni
adj ustnent is perforned instead of Dunnett's Procedure (see

Appendi x D).

2.5 The programwas witten in | BMPC FORTRAN by Conputer

Sci ences Corporation, 26 W Mrtin Luther King Drive, Ci ncinnati,
OH 45268. A conpiled version of the program can be obtained from
EMSL- G ncinnati by sending a diskette with a witten request.

2.6 DATA I NPUT AND OQUTPUT

2.6.1 The nysid growh data from Table C. 1 are used to
illustrate the data i nput and output for this program

2.6.2 Data | nput
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2.6.2.1 Wen the programis entered, the user is asked to sel ect
the type of data to be anal yzed:

1. Response proportions, |like survival or fertilization
proportions dat a.
2. Counts and neasurenents, |ike offspring counts, cystocarp

and al gal cell counts, weights, chlorophyll neasurenents
or turbidity neasurenents

2.6.2.2 After the type of analysis for the data is chosen, the
user has the follow ng options:

Create a data file

Edit a data file

Perform anal ysis on existing data set
St op

PhoNE

2.6.2.3 Wien Option 1 (Create a data file) is selected for
response proportions, the program pronpts the user for the
foll ow ng information:

1. Nunmber of concentrations, including control
2. For each concentration and replicate:
- nunber of organi sns exposed per replicate
- nunber of organi sns respsndvngi pgr egpki tatei (bezgdni strs. )

2.6.2.4 After the data have been entered, the user may save the
file on a disk, and the programreturns to the main nenu (see
bel ow) .

2.6.2.5 Sanple data input is showm in Figure C 1

2.6.3. Program CQut put

2.6.3.1 Wien Option 3 (performanalysis on existing data set) is
selected fromthe nenu, the user is asked to select the
transfornmati on desired, and indicate whether they expect the

nmeans of the test groups to be | ess or greater than the nean for
the control group (see Figure C 2).
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EMSL Cincinnati Dunnett Software
Version 1.5
What type of data do you wish to anal yze?
1) response proportions
(like survival data or fertility proportion data)
Note: The program cal cul ates a proportion after pronpting for
nunber of exposed organi sms and nunber of responding
or gani sns.
2) counts and neasurenents

(like of fspring counts, cystocarps and al gal cell counts,
wei ghts, chlorophyl| neasurenents, or turbidity neasurenents)

Enter "1", "2", (or "q" to quit program: 2

Title ? Appendix C, Dunnett's Procedure Exanple - Mysid Data
Qutput to printer or disk file ? P

1) Create a data file

2) Edit a data file

3) Anal yze an existing data set

4) Stop
Your choice ? 1

Nunber of concentrations, including control ? 4

Nunber of observations for conc. 1 (the control) ? 5

Enter the data for conc. 1 (the control) one observation at a tine.

NO. 17 0.048
NO. 27 0.058
NO. 3?7 0.047
NO. 47 0.058
NO. 57 0.051

Figure C. 1. Sanple Data |Input for Dunnett's Program for Survival Data from
Tabl e C 1.
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Enter the data for conc. 2 one observation at a tine.

NO. 1?7 0.055
NO. 27 0.048
NO. 3?7 0.042
NO. 47 0.041
NO. 57?7 0.052

Nunmber of observations for conc. 3 ? 5

Enter the data for conc. 3 one observation at a tine.

NO. 1?7 0.057
NO. 27 0.050
NO. 3?7 0.046
NO. 47 0.043
NO. 57?7 0.045

Nunmber of observations for conc. 4 ? 5

Enter the data for conc. 4 one observation at a tine.

NO. 17 0.041
NO. 27 0.040
NO. 3?7 0.041
NO. 47 0.043
NO. 57?7 0.040

Do you wish to save the data on disk ? Y

Disk file for output ? c:\nysid.dat

Figure C.1. Sanple Data Input for Dunnett's Program for Survival Data from
Table C. 1. (Continued)
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EMSL Ci ncinnati Dunnett Software
Version 1.5

1) Create a data file

2) Edit a data file

3) Anal yze an existing data set
4) Stop

Your choice ? 3

File nane ? c:\nysid. dat

Avai | abl e Transformations
1) no transform
2) square root
3) loglo

Your choice ? 1

Dunnett's test as inplenented in this programis
a one-sided test. You nust specify the direction
the test is to be run; that is, do you expect the
neans for the test concentrations to be less than
or greater than the nean for the control
concentration.

Direction for Dunnetts test : L=less than, G=greater than ? L

Figure C 2. Exanple of Choosing Option 3 fromthe Main Menu of the Dunnett
Program
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2.6.3.2 Summary statistics (Figure C.3) for the raw and
transforned data, if applicable, the ANOVA table, results of
Bartlett's Test, the results of the nultiple conparison

procedure, and the m ninum detectable difference are included in
t he program out put.
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EMSL Ci ncinnati Dunnett Software
Version 1.5

Appendi x C, Dunnett's Procedure Exanple - Mysid Data

Sunmary Statistics and ANOVA

Transformation = None
Conc. n Mean s. d. cv%
1 =control 5 . 0524 . 0053 10.2
2 5 . 0476 . 0061 12.8
3 5 . 0482 . 0055 11.5
4* 5 . 0410 . 0012 3.0

*) the nmean for this conc. is significantly |ess than
the control nmean at al pha = 0.05 (1-sided) by Dunnett's test

M ni mum det ect abl e di fference for Dunnett's test = -. 006974

This difference corresponds to -13. 31 percent of contro

Bet ween concentrations
sum of squares = . 000333 with 3 degrees of freedom

Error nmean square . 000024 with 16 degrees of freedom
Bartlett's test p-value for equality of variances = . 060

Do you wish to restart the program ?

Figure C 3. Exanple of Program Qutput for the Dunnett's Program Using the Data
in Table C. 1.

601



APPENDI X D

t TEST W TH BONFERRONI ' S ADJUSTMENT

1. The t test with Bonferroni's adjustnent is used as an
alternative to Dunnett's Procedure when the nunber of replicates
is not the same for all concentrations. This test sets an upper
bound of al pha on the overall error rate, in contrast to
Dunnett's Procedure, for which the overall error rate is fixed at
al pha. Thus, Dunnett's Procedure is a nore powerful test.

2. The t test with Bonferroni's adjustnment is based on the sane
assunptions of normality of distribution and honogeneity of

vari ance as Dunnett's Procedure (See Appendix B for testing these
assunptions), and, |ike Dunnett's Procedure, uses a pool ed
estimate of the variance, which is equal to the error val ue
calculated in an anal ysis of variance.

3. An exanple of the use of thet test with Bonferroni's

adj ustnent is provided below. The data used in the exanple are a
set of red abal one growmh data. Because there are only four
replicates in the highest concentration, Dunnett's Procedure
cannot be used. The length data are presented in Table D. 1.

TABLE D.1. G ANT KELP, MACROCYSTI S PYRI FERA, GROMH DATA

233313133133331333333333333333333333333333333333333333333333333333333333333)))
Copper Concentration (ug/L)

)))))))))))))))))))))))))))))))))))))))))))))))))))))))
Rep Contr ol 5.

))))))))))))))))))))))))))))))))))))))))))){))gZ))))21)22)))))))))))))))))

2 18. 75 16. 25 18.92 12. 88 10. 67 11.88 7.59 7.25
3 19.14 16. 39 15.62 16. 28 15.95 11.88 8.25 --

4 16. 50 18.70 14. 30 15. 38 12.54 11.00 9.13 7.63
5 17.93 15.62 15. 29 19.75 11.66 11.55 8. 80 8.13
é?))))))))))))))f%))2))))fg)2)))))))))))))))))))))))ff)gg)))))))))))))))))
S? 1.473 1.827 4.498 7.327 3.953 0.133 0.396 0.478

[ 1 2 3 4 5 6 7 8

23333133333333313333333333133313313133313313133313313133131331313313133313331331313331333131313)))
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3.1 One way to obtain an estimate of the pooled variance is to
construct an ANOVA table including all sunms of squares, as
described in Table D. 2:

TABLE D.2. ANOVA TABLE

Source df Sum of Squares Mean Square(MS)
(SS) (SS/df)
2
Between p - 1 SSB S; = SSB/(p-1)
2
Within N -p SSW Sy, = SSW/(N-p)

Where: p = nunber of effluent concentrations including
t he control

N = the total sanple size; N':”f

=
I

t he nunber of replicates for concentration i

SST™" ¥, &6%/N
1J

Total Sum of Squares

SSB* ' sz/”f&Gz/N Bet ween Sum of Squares

1

SSW=SST&SSB Wt hin Sum of Squares

Wher e: G = The grand total of all sanple

p
observati ons; G" - T,
iv1
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T = The total of the replicate
measurenents for concentration

Y., = The jth observation for
concentration i

3.2 For the data in this exanpl e:

N, =N, =N3 =N, = Ng =Ng =N; =5, nNg =24
N = 39

T, = Yy + Yy, + Y3 + Yy, + Y = 91.90

T, = Yoy + Yoo + Yo + Y,y + Yos = 85.22

Ty = Y3, + Yoo + Ya3 + Yy + Ygs = 77.44

Ty = Yoo + Yap + Yu3 + Yy + Yy = 82,88

T5 = Y51 + Y52 + Y53 + Y54 + Y55 = 63 36

Te = Y1 + Yoo + Ye3 + Ygu + Y5 = 57.75

T, = Yy + Yoo + Yo + Yy, + Yo = 41,69

Tg = Yg + Yg + Yg3 + Yy = 29.50

G =T, +T, + T, +T, + T+ Ty + T, + Ty =529.74

P
SSB ™ = T:/n,&G%/N

i"1

= 7749.905 - (529.74)?
39

554. 406

P i
SST = = = Y[ &G2/N

i"1j"1

= 7829.764 - (529.74)%? = 634.265
39

SSW = SST&SSB 634. 265 - 554.406 = 79. 859

S = SSB/(p-1) = 554.406/(8-1) = 79.201
S, = SSW(N-p) = 79.859/(39-8) = 2.576
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3.3 Summarize these calculations in the ANOVA table (Table D. 3):

TABLE D. 3. COVPLETED ANOVA TABLE FOR THE t TEST W TH BONFERRONI ' S
ADJUSTMENT EXAMPLE

))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Sour ce Sum of Squar es Mean Square (MS)
(SS) (SS/ df)

))))%)t))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
et ween

Wthin 31 79. 859 2.576

))))')I')t))I))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
ota
22333333333333333333333313331331313331333133313331333133313331333133313313313313111)))

3.4 To performthe individual conparisons, calculate the t
statistic for each concentrati on and control conbinati on, as

foll ows:

‘ (Y, 87Y,)
S, (1/n) % (1/n;)
Where: & = nean for concentration i
&, = nean for the control
S, = square root of the within nean square
n, = nunber of replicates in the control.
n, = nunber of replicates for concentration i

3.5 Table D.4 includes the calculated t values for each
concentration and control conbi nati on.
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TABLE D.4. CALCULATED t VALUES
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Concentration (ug/L) t;
))))))))))))))))))))))))%)))))))))))))))))))));)))))))))3);2%)))))))))))))
10.0 3 2.847
18.0 4 1.773
32.0 5 5.625
56.0 6 6.728
100.0 7 9.891
180.0 8 10.217

2333333133133333333333133133333333333133333333333333333333333333333333))))))

3.6 Since the purpose of this test is to detect a significant
reduction in mean length, a one-sided test is appropriate. The
critical value for this one-sided test is found in Table D.5.

For an overall alpha level of 0.05, 31 degrees of freedom for
error and seven concentrations (excluding the control) the
approximate critical value is 2.597. The mean |length for
concentration "i" is considered significantly |l ess than the nean
length for the control if t, is greater than the critical val ue.
Conparing each of the calculated t values in Table D.4 with the
critical value, the 10.0 pg/L, 32 pg/L, 56.0 pg/L, 100.0 pg/L,
180.0 pg/L concentrations have significantly |ower nean |ength
than the control. Because the 10.0 pg/L concentrati on shows
signigicantly |ower nmean |ength that the control while the higher
18.0 pg/ L concentration does not, these test results are
considered to have an anonmal ous dose-response relationship and it
is reconmended that the test be repeated. |f an NOEC and LOEC
nmust be determined for this test, the | owest concentration with
significant growh inpairnment versus the control is considered to
the LOEC for growh. Thus, for this test, the NOEC and LCEC
woul d be 5.6 pg/L and 10.0 pg/L, respectively.
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APPENDI X E

STEEL' S MANY- ONE RANK TEST

1. Steel's Many-one Rank Test is a nonparanmetric test for
conparing treatnents with a control. This test is an alternative
to Dunnett's Procedure, and nay be applied to data when the
normal ity assunption has not been net. Steel's Test requires
equal variances across the treatnents and the control, but it is
thought to be fairly insensitive to deviations fromthis
condition (Steel, 1959). The tables for Steel's Test require an
equal nunber of replicates at each concentration. |If this is not
the case, use WIlcoxon's Rank Sum Test, with Bonferroni's

adj ust nrent (See Appendi x F).

2. For an analysis using Steel's Test, for each control and
concentration conbi nati on, conbine the data and arrange the
observations in order of size fromsnmallest to |argest. Assign
the ranks to the ordered observations (1 to the smallest, 2 to
the next smallest, etc.). |If ties occur in the ranking, assign
the average rank to the observation. (Extensive ties would
invalidate this procedure). The sumof the ranks wthin each
concentration is then calculated. To determne if the response
in a concentration is significantly |less than the response in the
control, the rank sumfor each concentration is conpared to the
significant values of rank sunms given later in the section. In
this table, k equals the nunber of treatnents excluding the
control and n equals the nunber of replicates for each
concentration and the control.

3. An exanple of the use of this test is provided below. The
test enploys enbryo-larval devel opnment data from a bival ve 48-
hour chronic test. The data are listed in Table E. 1

4. For each control and concentration conbination, conbine the
data and arrange the observations in order of size from small est
to largest. Assign the ranks (1, 2, 3, ..., 8) to the ordered
observations (1 to the smallest, 2 to the next smallest, etc.).
If ties occur in the ranking, assign the average rank to each

ti ed observation.

5. An exanple of assigning ranks to the conbined data for the
control and 0.13 pg/L copper concentration is given in Table E. 2.
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This ranking procedure is repeated for each control and
concentration conbination. The conplete set of rankings is
listed in Table E.3. The ranks are then sumed for each toxicant
concentration, as shown in Table E. 4.

6. For this set of data, determne if the devel opnent in any of
the effluent concentrations is significantly | ower than the

devel opnent of the control organisns. |If this occurs, the rank
sum at that concentration would be significantly |ower than the
rank sum of the control. Thus, conpare the rank suns for the

devel opnment at each of the various effluent concentrations with
some "mnimuni or critical rank sum at or bel ow which the

survi val woul d be considered to be significantly |ower than the
control. At a probability level of 0.05, the critical rank sum
in atest with five concentrations and four replicates per
concentration, is 10 (see Table F. 4).

7. Since the rank sunms for the 0.50 pug/L and 1.00 pg/L
concentration |evels are equal to the critical value, the
proportions of normal devel opnent in those concentrations are
considered significantly less than that in the control. Since no
other rank sumis less than or equal to the critical value, no

ot her concentration has a significantly | ower proportion normnal
than the control. Because the 0.50 pg/L concentration shows
signigicantly | ower normal devel opnent than the control while the
hi gher 2.00 pg/ L concentration does not, these test results are
considered to have an anonal ous dose-response relationship and it
is recomended that the test be repeated. [If an NOCEC and LCEC
nmust be determined for this test, the | owest concentration with
significant inpairment versus the control is considered to the
LCEC for gromh. Thus, for this test, the NOEC and LOEC woul d be
0.25 pg/L and 0.50 pg/L, respectively.
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TABLE E.I1I. BIVALVE EMBRYO-LARVAL DEVELOPMENT DATA

5333333333333533333333335333333333353333333333035333333330303033000000)))),
Copper Concentration (ug/L)

Replicate Control 0.13 0.25 0.50 1.00 2.00
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
1.00 0.96 0.92 0.91 0.88 1.00
RAW B 0.96 0.97 0.95 0.93 0.83 0.67
C 1.00 1.00 0.90 0.88 0.88 0.75
D 0.97 0.96 0.96 0.93 0.82 0.60
SIDD000000000000 0000000000000 0000000000000 0000 00000000 000))),
ARC SINE A 1.571 1.369 1.284 1.266 1.217 1.571
SQUARE ROOT B 1.369 1.397 1.345 1.303 1.146 0.959
TRANSFORMED C 1.571 1.571 1.249 1.217 1.217 1.047
D 1.397 1.369 1.369 1.303 1.133 0.886
S0 00000000000 00000000000 00000000000 000 0000 000000000000,
Mean (&) 1.477 1.427 1.312 1.272 1.178 1.116
sz 0.01191 0.00945 0.00303 0.00166 0.00203 0.09644
i 1 2 3 4 5 6

1
$33313113333333333313333333333331313333333333313333333333333333333333)))))))
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TABLE E.2. ASSIGNING RANKS TO THE CONTROL AND 0.13 ug/L CONCENTRATION
LEVEL FOR STEEL'S MANY-ONE RANK TEST

23333133131133333333333131333333333333333333333333331333333333)3))))))

Transformed
Proportion
Rank Normal Concentration
03233353333333333533333333535333333335353333333333333333303)3)3))))
2 1.369 0.13 pug/L
2 1.369 0.13 ug/L
2 1.369 Control
4.5 1.397 0.13 pug/L
4.5 1.397 Control
7 1.571 0.13 pug/L
7 1.571 Control
7 1.571 Control

)))))))))))))))))))))))))))))))5))))))))))))))))))))))))))))))))))
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TABLE E.3. TABLE OF RANKS'

3000000003030 000000000000)000));
Copper Concentration (ug/L)

233333331133333333333333333)))))

Replicate Control 0.13 0.25
)3235353533233323533333353335333333030353333330303533303030303003030303)))),
1 1.571(7,7.5,7.5,7.5,7) 1.369(2) 1.284(2)
2 1.369(2,4.5,5,5,4) 1.397(4.5) 1.345(3)
3 1.571(7,7.5,7.5,7.5,7) 1.571(7) 1.249(1)
4 1.397(4.5,6,6,6,5) 1.369(2) 1.369(4.5)

S Copper Concentration (ug/L) (Continued)
199995993999955395553995955559995555399953) )50

Replicate 0.50 1.00 2.00
211)1333333313113333333333313333333331133333333111133333333311113)1))))))))))
1 1.266(2) 1.217(3.5) 1.571(7)
2 1.303(3.5) 1.146(2) 0.959(2)
3 1.217(1) 1.217(3.5) 1.047(3)
4 1.303(3.5) 1.133(1) 0.886(1)

2333333131133333333333133333333333333333333333333333333333333131333333))))))

IControl ranks are given in the order of the concentration with which
they were ranked.

TABLE E.4. RANK SUMS
233333313111333333333313333333333333313333333333313333)))))

Concentration
ug/L Copper) Rank Sum
)))))))))))))z)zg)))))))))))))))))))))32)2)))))))))))))))
0.25 10.5
0.50 10.0
1.00 10.0
2.00 13.0

23333331331333333333333133333333333331333333333333133))))))
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TABLE E.5. SIGNIFICANT VALUES OF RANK SUMS: JOINT CONFIDENCE
COEFFICIENTS OF 0.95 (UPPER) and 0.99 (LOWER) FOR
ONE-SIDED ALTERNATIVES (Steel, 1959)
k = number of treatments (excluding control)
%
n % 2 3 4 5 6 7 8 9
%
%
4 % 11 10 10 10 10 -- -- --
% - - - - - - - - - - - - - - - -
5 % 18 17 17 16 16 16 16 15
% 15 -- -- -- -- -- -- --
6 % 27 26 25 25 24 24 24 23
% 23 22 21 21 -- -- -- --
7 % 37 36 35 35 34 34 33 33
% 32 31 30 30 29 29 29 29
8 % 49 48 47 46 46 45 45 44
% 43 42 41 40 40 40 39 39
9 % 63 62 61 60 59 59 58 58
% 56 55 54 53 52 52 51 51
10 % 79 77 76 75 74 74 73 72
% 71 69 68 67 66 66 65 65
11 % 97 95 93 92 91 90 90 89
% 87 85 84 83 82 81 81 80
12 % 116 114 112 111 110 109 108 108
% 105 103 102 100 99 99 98 98
13 % 138 135 133 132 130 129 129 128
% 125 123 121 120 119 118 117 117
14 % 161 158 155 154 153 152 151 150
% 147 144 142 141 140 139 138 137
15 % 186 182 180 178 177 176 175 174
% 170 167 165 164 162 161 160 160
16 % 213 209 206 204 203 201 200 199
% 196 192 190 188 187 186 185 184
17 % 241 237 234 232 231 229 228 227
% 223 219 217 215 213 212 211 210
18 w 272 267 264 262 260 259 257 256
% 252 248 245 243 241 240 239 238
19 % 304 299 296 294 292 290 288 287
% 282 278 275 273 271 270 268 267
20 % 339 333 330 327 325 323 322 320
% 315 310 307 305 303 301 300 299
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APPENDI X F

W LCOXON RANK SUM TEST

1. WlIlcoxon's Rank Sum Test is a nonparanetric test, to be used
as an alternative to Steel's Many-one Rank Test when the nunber
of replicates are not the sanme at each concentration. A
Bonferroni's adjustnment of the pairwise error rate for conparison
of each concentration versus the control is used to set an upper
bound of al pha on the overall error rate, in contrast to Steel's
Many-one Rank Test, for which the overall error rate is fixed at
al pha. Thus, Steel's Test is a nore powerful test.

2. The use of this test may be illustrated with devl opnent data
fromthe red abalone test in Table F.1. The control group has
four replicates while each of the concentration |evels has five
replicates. Since there is 100% abnormality in all replicates
for the 5. 6% and 10. 0% concentrations, they are not included in
the statistical analysis and are considered qualitative
abnormality effects.

3. For each concentration and control conbination, conbine the
data and arrange the values in order of size, fromsnmallest to

| argest. Assign ranks to the ordered observations (a rank of 1
to the smallest, 2 to the next smallest, etc.). If ties in rank
occur, assign the average rank to each tied observation.

4. An exanple of assigning ranks to the conbined data for the
control and effluent concentration 0.56%is given in Table F. 2.
This ranking procedure is repeated for each of the three
remai ni ng control versus test concentration conbi nations. The
conplete set of ranks is listed in Table F.3. The ranks are then
summed for each effluent concentration, as shown in Table F. 4.

5. For this set of data, determne if the devel opnment in any of
the test concentrations is significantly |ower than the

devel opnent in the control. |If this occurs, the rank sum at that
concentration would be significantly |lower than the rank sum of
the control. Thus, conpare the rank suns for fecundity of each

of the various effluent concentrations with sone "m ni muni or
critical rank sum at or bel ow which the fecundity woul d be
considered to be significantly |Iower than the control. At a
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probability level of 0.05, the critical rank in a test with four
concentrations (excluding the control), four control replicates,
and five concentration replicates is 15 (see Table F.5, for K =
4).

TABLE F.1. RED ABALONE, HALIOTUS RUFESCENS, SHELL DEVELOPMENT DATA

5333333333333533333333335333333333333533333333035333333030303)3000000)))),
Effluent Concentration (%)

DiTution  33333333333233333333333333333313333)3))))))

Replicate  Control 0.56 1.00 1.80 3.20 5.6
10.0
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
0.99 0.99 0.99 0.99 0.39 0 0

RAW B 0.99 0.99 1.00 0.99 0.57 0 0

C 0.99 0.98 0.99 0.99 0.61 0 0

D 1.00 1.00 0.99 0.98 0.65 0 0

E 1.00 1.00 0.97 0.80 0 0
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
ARC SINE A 1.471 1.471 1.471 1.471 0.674 -
SQUARE ROOT B 1.471 1.471 1.521 1.471 0.856
TRANSFORMED C 1.471 1.429 1.471 1.471 0.896

D 1.521 1.521 1.471 1.429 0.938

E 1.521 1.521 1.397 1.107 -
S)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Mean (&) 1.484 1.483 1.491 1.448 0.894 -
Sz 0.000625 0.001523 0.000750 0.001137 0.024288 -

i 1 2 3 4 5 6 7
$33313113333333333313133333333333131333333333331333333333333333333333))))))))
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TABLE F.2. ASSIGNING RANKS TO THE CONTROL AND 0.56% CONCENTRATION LEVEL
FOR THE WILCOXON RANK SUM TEST WITH THE BONFERRONI ADJUSTMENT

2333333131133333333333133333333333333133333333333331333333333)3))))))

Transformed
Proportion
Rank Normal Concentration
03233353533333333533333333335333333335353333333333333333303)3)3))))
1 1.429 0.56 %
4 1.471 0.56 %
4 1.471 0.56 %
4 1.471 Control
4 1.471 Control
4 1.471 Control
8 1.521 0.56 %
8 1.521 0.56 %
8 1.521 Control

)))))))))))))))))))))))))))))))5))))))))))))))))))))))))))))))))))

TABLE F.3. TABLE OF RANKS'

223)313131313131313313131313313131313313131313))13131))131313))13)))3))))))))
Effluent Concentration (%)

Repli- 2))213333)3131313333)33131313131)3)))))))))))))
cate Control 0.56 1.00 1.80 3.20

2333333131113333333333131333333333333133333333333333333333333333333333))))))

1.471(4,3.5,5.5,7) 1.471(4)
1.471(4,3.5,5.5,7) 1.471(4)

1 .471(3.5) .471(5.5)  0.674(1)
2

3 1.471(4,3.5,5.5,7) 1.429(1)

4

5

1
.521(8) 1.471(5.5) 0.856(2)
.471(3.5) 1.471(5.5) 0.896(3)
1.521(8,8,9,9) 1.521(8) 1
1.521(8) 1

.471(3.5) .429(2) 0.938(4)
.521(8) .397(1) 1.107(5)

N NN NN

233333331133333333333133333333333331333333333333333333333333333333)33))))))

IControl ranks are given in the order of the concentration with which
they were ranked.
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6. Conparing the rank suns in Table F.4 to the appropriate
critical rank, the rank sumfor the 3.20% concentration level is
equal to the critical value, so the proportion normal in that
concentration is considered significantly less than that in the
control. Since no other rank sumis |less than or equal to the
critical value, no other concentration has a significantly | ower
proportion normal than the control. Hence, the NOEC and the LCEC
are 1.80% and 3.20% respectively.

TABLE F.4. RANK SUMS
2333333131113333333333133333333333333133333333333131333)))))

Concentration
(% Effluent) Rank Sum
)))))))))))))g)2%)))))))))))))))))))));%)3)))))))))))))))
1.00 26.5
1.80 19.5
3.20 15.0

233333313113333333333313333333333333333333333333313333)))))
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH
BONFERRONI'S ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K"
TREATMENTS VERSUS A CONTROL FIVE PERCENT CRITICAL LEVEL
(ONE-SIDED ALTERNATIVE: TREATMENT CONTROL)

K No. Replicates No. of Replicates Per Effluent Concentration
in Control

3 4 5 6 7 8 9 10

1 3 6 10 16 23 30 39 49 59
4 6 11 17 24 32 41 51 62

5 7 12 19 26 34 44 54 66

6 8 13 20 28 36 46 57 69

7 8 14 21 29 39 49 60 72

8 9 15 23 31 41 51 63 72

9 10 16 24 33 43 54 66 79

10 10 17 26 35 45 56 69 82

2 3 -- -- 15 22 29 38 47 58
4 -- 10 16 23 31 40 49 60

5 6 11 17 24 33 42 52 63

6 7 12 18 26 34 44 55 66

7 7 13 20 27 36 46 57 69

8 8 14 21 29 38 49 60 72

9 8 14 22 31 40 51 62 75

10 9 15 23 32 42 53 65 78

3 3 -- -- -- 21 29 37 46 57
4 -- 10 16 22 30 39 48 59

5 -- 11 17 24 32 41 51 62

6 6 11 18 25 33 43 53 65

7 7 1z 19 26 35 45 56 68

8 7 13 20 28 37 47 58 70

9 7 13 21 29 39 49 61 73

10 8 14 22 31 41 51 63 76

4 3 -- -- -- 21 28 37 46 56
4 -- -- 15 22 30 38 48 59

5 -- 10 16 23 31 40 50 61

6 6 11 17 24 33 42 52 64

7 6 12 18 26 34 44 55 67

8 7 1z 19 27 36 46 57 69

9 7 13 20 28 38 48 60 72

10 7 14 21 30 40 50 62 75
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH BONFERRONI'S
ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K" TREATMENTS
VERSUS A CONTROL FIVE PERCENT CRITICAL LEVEL (ONE-SIDED
ALTERNATIVE: TREATMENT CONTROL) (CONTINUED)

K No. Replicates No. of Replicates Per Effluent Concentration
in Control

3 4 5 6 7 8 9 10

5 3 -- -- -- -- 28 36 46 56
4 -- -- 15 22 29 38 48 58

5 -- 10 16 23 31 40 50 61

6 -- 11 17 24 32 42 52 63

7 6 11 18 25 34 43 54 66

8 6 12 19 27 35 45 56 68

9 7 13 20 28 37 47 59 71

10 7 13 21 29 39 49 61 74

6 3 -- -- -- -- 28 36 45 56
4 -- -- 15 21 29 38 47 58

5 -- 10 16 22 30 39 49 60

6 -- 11 16 24 32 41 51 63

7 6 11 17 25 33 43 54 65

8 6 1z 18 26 35 45 56 68

9 6 12 19 27 37 47 58 70

10 7 13 20 29 38 49 60 73

7 3 -- -- -- -- -- 36 45 56
4 -- -- -- 21 29 37 47 58

5 -- -- 15 22 30 39 49 60

6 -- 10 16 23 32 41 51 62

7 -- 11 17 25 33 43 53 65

8 6 11 18 26 35 44 55 67

9 6 1z 19 27 36 46 58 70

10 7 13 20 28 38 48 60 72

8 3 -- -- -- -- -- 36 45 55
4 -- -- -- 21 29 37 47 57

5 -- -- I5 22 30 39 49 59

6 -- 10 16 23 31 40 51 62

7 -- 11 17 24 33 42 53 64

8 6 11 18 25 34 44 55 67

9 6 12 19 27 36 46 57 69

10 6 12 19 28 37 48 59 72
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TABLE F.5. CRITICAL VALUES FOR WILCOXON'S RANK SUM TEST WITH BONFERRONI'S
ADJUSTMENT OF ERROR RATE FOR COMPARISON OF "K" TREATMENTS
VERSUS A CONTROL FIVE PERCENT CRITICAL LEVEL (ONE-SIDED
ALTERNATIVE: TREATMENT CONTROL) (CONTINUED)

K No. Replicates No. of Replicates Per Effluent Concentration
in Control

3 4 5 6 7 8 9 10

9 3 -- -- -- -- -- -- 45 55
4 -- -- -- 21 28 37 46 57

5 -- -- I5 22 30 39 48 59

6 -- 10 16 23 31 40 50 62

7 -- 10 17 24 33 42 52 64

8 -- 11 18 25 34 44 55 66

9 6 11 18 26 35 46 57 69

10 6 12z 19 28 37 47 59 71

10 3 -- -- -- -- -- -- 45 55
4 -- -- -- 21 28 37 46 57

5 -- -- 15 22 29 38 48 59

6 -- 10 16 23 31 40 50 61

7 -- 10 16 24 32 42 52 64

8 -- 11 17 25 34 43 54 66

9 6 11 18 26 35 45 56 68

10 6 12z 19 27 37 47 58 71
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APPENDI X G

SI NGLE CONCENTRATI ON TOXI CI TY TEST - COVPARI SON OF CONTROL
W TH 100% EFFLUENT OR RECEI VI NG WATER OR COMPARI SON OF
DI LUTI ON AND BRI NE CONTROLS

1. To statistically conpare a control with one concentration
such as 100% effluent or the instream waste concentration, at
test is the recoomended analysis. The t test is based on the
assunptions that the observations are independent and normal |y
distributed and that the variances of the observations are equal
bet ween the two groups.

2. Shapiro-WIlk's test may be used to test the normality
assunption (See Appendix B for details). For the two sanple
case, the datasets nust be tested for normality separately. |If
either set of data does not neet the normality assunption, the
nonparanetric test, WIcoxon's Rank Sum Test, may be used to
anal yze the data. An exanple of this test is given in Appendi X
F. Since a control and one concentration are being conpared, the
K =1 section of Table F.5 contains the needed critical val ues
for one-sided tests. An additional reference, such as Snedecor
and Cochran (1980) nust be used to determne critical values for
t wo-si ded tests, such as conparing brine and dilution controls.

3. The F test for equality of variances is used to test the
honmogeneity of variance assunption. Wen conducting the F test,
the alternative hypothesis of interest is that the variances are
not equal .

4. To make the two-tailed F test at the 0.01 | evel of

significance, put the larger of the two variances in the
nuner at or of F.

F* — where 512>$22

5. Conpare Fwith the 0.005 level of a tabled F value with n; -
1 and n, - 1 degrees of freedom where n, and n, are the nunber of
replicates for each of the two groups.

622



6. A set of nysid growh data froma single-concentration
effluent test will be used to illustrate the F test. The raw
data, nmean and variance for the two controls are given in Table
G 1. The data from each concentration neets the assunption of
normality.

TABLE G.1. MYSID, HOLMESIMYSIS COSTATA, GROWTH DATA FROM A SINGLE-
CONCENTATION EFFLUENT TEST

2333333131133333333333133333333333333113333333333313333333333333333333))))))

Replicate Control Effluent
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
RAW 0.048 0.041
B 0.058 0.033
C 0.047 0.044
D 0.055 0.040
E 0.051 0.043
211113333333313313333333333313333333131133333333111133333)))31113)1))))))))))
Mean (&) 0.052 0.040
sz 0.0000217 0.0000187

i 1 2
222)33)31331331331313313313113113313313113113133131131131131)))))))))))))))

7. Since the variability of the control is greater than the
variability of the effluent concentration, S? for the control is
pl aced in the nunerator of the F statistic and S* for the

ef fl uent concentration control is placed in the denom nator.

F e 0.0000217 .
0.0000187

1.160

8. There are 5 replicates for the each groups, so the numerator
and denom nator degrees of freedom n;, - 1, are both 4. For a
two-tailed test at the 0.01 |evel of significance, the critical F
value is obtained froma table of the F distribution (Snedecor
and Cochran, 1980). The critical F value for this test is 23.16.
Since 2.41 is not greater than 23.16, conclude that the variances
of the brine and dilution controls are honbgeneous.

9. Equal Variance t Test.
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9.1 To performthe t test, calculate the follow ng test
statistic:

Y, &Y,
t - .Z 2
N A
n, n,
Wher e: & = nean for the control
&, = nean for the effluent concentration
s - (n,&1)S{ % (n,&1)S;
7oA n,%n,&?2
S$? = estimate of the variance for the control
S2 = estimate of the variance for the effluent
concentration
n, = nunber of replicates for the control
n, = nunber of replicates for the effluent

concentration

9.2 Since we are concerned here with a decrease in response from
the control, a one-tailed test is appropriate. Thus, we wll
conpare the calculated t with a critical t, where the critical t
is at the 5% 1 evel of significance with n, + n, - 2 degrees of
freedom If the calculated t exceeds the critical t, the mean
responses are declared different.

9.3 When conparing brine and dilution controls, the concern is
for any difference between the two control groups, and a
two-tailed test is appropriate. |In that case, the calculated t
woul d be conpared with a critical t, where the critical t is a
two-tailed value at the 5% evel of significance wwth n, + n, - 2
degrees of freedom |If the absolute value of the calculated t
exceeds the critical t, the nean responses are decl ared
different.

624



9.4 Using the data fromTable G 1 to illustrate the t test, the
calculation of t is as follows:

0.052 & 0.040

0.00449 | L o L
5" %

t - " 4.226

" 0.00449

¢ - | (58&1)0.0000217 % (5&1)0.0000187
P 5%58&2

Wher e:

9.5 For a one-tailed test at the 0.05 level of significance and
8 degrees of freedom the appropriate critical t value is 1.860.
Note: Table D.5 for K =1 includes the critical t values for
conparing two groups in a one-tailed test. Sincet = 4.226 is
greater than 1.860, conclude that the growth in the effluent
concentration is significantly less than the control group

gr owt h.

9.6 Critical t values for two-tailed tests, such as those needed
in conparing a brine control and a dilution control, can be found
in atable of the t distribution, such as the one in Snedecor and
Cochran, 1980. Note that the critical t for a two-tailed test is
the upper-tail value at the a/2 | evel of significance.

10. UNEQUAL VARI ANCE t TEST.
10.1 If the F test for equality of variance fails, thet test is

still a valid test. However, the denom nator of the t statistic
is adjusted as foll ows:

Y&y,

t [ ]

Wher e: & = nean for the control
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&, = nean for the effluent concentration
S$?2 = estimate of the variance for the control

S = estimate of the variance for the effluent
concentration

n, = nunber of replicates for the control

n, = nunber of replicates for the effluent
concentration

10.2 Additionally, the degrees of freedomfor the test are
adj usted using the foll ow ng fornul a:
(n,&1) (n,&1)

dr-
(n,&I1) C%(1&C)%(n,&I)

VWher e:

2 o2
S5,
Sly 22
n, n,

10.3 The nodified degrees of freedomis usually not an integer.
Common practice is to round down to the nearest integer.

10.4 The t test is then conducted as the equal variance t test.
The calculated t is conpared to the critical t at the 0.05
significance level with the nodified degrees of freedom |If the
calculated t exceeds the critical t, the nean responses are found
to be statistically different.
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APPENDI X H

PROBI T ANALYSI S

1. This programcal cul ates the EC1 and EC50 (or LCl1 and LC50),
and the associ ated 95% confi dence i ntervals.

2. The programis witten in IBM PC Basic for the |IBM conpatible
PC by Conmputer Sciences Corporation, 26 W Mrtin Luther King
Drive, G ncinnati, OH 45268. A conpiled, executable version of

t he program and supporting docunentati on can be obtained from
EMSL- G ncinnati by sending a witten request to EMSL at 3411
Church Street, Cncinnati, OH 45244,

2.1 A set of nortality data froma nysid survival and growth
test is given in Table H 1. The programis data input routine is
illustrated with this data in Figure H 1. The program begi ns
with a request for the follow ng information:

1. Desired out put of abbreviated (A) or full (F) output?
(Note: only abbreviated output is shown bel ow.)

Qut put designation (P = printer, D = disk file).

Title for the output.

The nunber of exposure concentrations.

Toxi cant concentration data.2.2 The program out put for
t he abbrevi ated out put options, shown in Figure H. 2,

i ncl udes the foll ow ng:

hwoN

TABLE H.1I. DATA FOR PROBIT ANALYSIS
2333333131133333333333131333333333333133333333333313333333333313333333))))))

Concentration (%)

2333333313113333333333131133333333333133))))))

Control 1.80 3.20 5.60 10.0 18.0
920000050000 000000300000000000 0000000000000 00000000000 0000000000))))
No. Dead 1 0 3 9 24 25
No. Exposed 25 25 25 25 25 25

2333333131133333333333133333333333333133333333333333333333333333333333))))))

2.2 The program out put for the abbreviated output options, shown
in figure H 2, includes the follow ng:
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A table of the observed proportion respondi ng and
t he proportion respondi ng adjusted for the
controls.

The cal cul ated chi-square statistic for

het erogeneity and the tabular value. This test is
one indicator of how well the data fit the nodel.
The programw || issue a warning when the test
indicates that the data do not fit the nodel

The estimated LCl and LC50 val ues and associ at ed
95% confi dence intervals.
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REREAEREENRERAEARAR SRR R AR AR AR R AR AR AR AR

$

$ EPA PROBIT ANALYSIS PROGRAM

$ USED FOR CALCULATING LC/EC VALUES
$ Version 1.5

$
$
$
$

SERERERE SRR RS RR AR

Do you wish abbreviated (A) or full (F) input/output? A

Output to printer (P) or disk file (D)? P

Title ? Example of Probit Analysis for Appendix H

Number responding in the control group = ? 1

Number of animals exposed in the concurrent control group = ? 25
Number of exposure concentrations, exclusive of controls ? 5

Input data starting with the Towest exposure concentration

Concentration = ? 1.80
Number responding = 7 0
Number exposed = ? 25

Concentration = ? 3.20
Number responding = 7 3
Number exposed = ? 25

Concentration = ? 5.60
Number responding = 7 9
Number exposed = ? 25

Concentration = ? 10.0
Number responding = ? 24
Number exposed = ? 25

Concentration = ? 18.0
Number responding = 7 25
Number exposed = ? 25

Number Number
Number Conc. Resp. Exposed
1 1.8000 0 25
2 3.2000 3 25
3 5.6000 9 25
4 10.0000 24 25
5 18.0000 25 25

Do you wish to modify your data ? N

The number of control animals which responded =

The number of control animals exposed = 25
Do you wish to modify these values ? N
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Example of Probit Analysis for Appendix H

Proportion
Observed Responding
Number Number Proportion Adjusted for
Conc. Exposed Resp. Responding Controls
Control 25 1 0.0400 0.0000
1.8000 25 0 0.0000 -.0306
3.2000 25 3 0.1200 0.0930
5.6000 25 9 0.3600 0.3404
10.0000 25 24 0.9600 0.9588
18.0000 25 25 1.0000 1.0000
Chi - Square for Heterogeneity (calculated) = 3.004
Chi - Square for Heterogeneity
(tabular value at 0.05 level) = 7.815

Example of Probit Analysis for Appendix H

Estimated LC/EC Values and Confidence Limits

Exposure 95% Confidence Limits
Point Conc. Lower Upper
LC/EC 1.00 2.642 1.384 3.519
LC/EC 50.00 5.973 4.998 6.920

Figure H.Z2. USEPA Probit Analysis Program used for Calculating LC/EC
Values, Version 1.5.
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APPENDI X |

SPEARMAN- KARBER METHCD

1. The Spearnman-Karber Method is a nonparanetric statistical
procedure for estimating the LC50 and the associated 95%
confidence interval (Finney, 1978). The Spearman-Karber Method
estimates the nean of the distribution of the |og,, of the
tolerance. If the log tolerance distribution is symetric, this
estimate of the nmean is equivalent to an estinmate of the nedian
of the log tolerance distribution.

2. |If the response proportions are not nonotonically non-
decreasing with increasing concentration (constant or steadily
increasing with concentration), the data nust be snpot hed.
Abbott's procedure is used to "adjust" the concentration response
proportions for nortality occurring in the control replicates.

3. Use of the Spearman-Karber Method is reconmended when parti al
nortalities occur in the test solutions, but the data do not fit
the Probit nodel

4. To calculate the LC50 using the Spearnman-Karber Method, the
follow ng nmust be true: 1) the snoothed adjusted proportion
nortality for the | owest effluent concentration (not including
the control) nust be zero, and 2) the snoothed adjusted
proportion nortality for the highest effluent concentration nust
be one.

5. To calculate the 95% confi dence interval for the LC50
estimate, one or nore of the snoothed adjusted proportion
nmortalities nust be between zero and one.

6. The Spearman- Karber Method is illustrated bel ow using a set

of nortality data froma Mysid Survival and Gowh test. These
data are listed in Table I. 1.

631



TABLE I.1. EXAMPLE OF SPEARMAN-KARBER METHOD: MORTALITY DATA FROM
A MYSID SURVIVAL AND GROWTH TEST (25 ORGANISMS PER

CONCENTRATION)
$3233133313311333133313311331133313331333133113313311))1)))1)))))))))Q
Effluent Number of Mortality
Concentration Mortalities Proportion

%
$333131113333333333333333333333311333333333331133333333))3313)))))))Q

Control 2 0.08

6.25 2 0.08
12.5 0 0.00
25.0 3 0.12
50.0 16 0.64
100.0 25 1.00

$333131113333333331313133333333331313133333333333131333333333331333))))))Q

7. Let py, P, ..., Pk denote the observed response proportion
nortalities for the control and k effluent concentrations. The
first step is to snooth the p; if they do not satisfy p, # p, #

# p.. The snoothing process replaces any adjacent p;'s that
do not conformto p, # p, # ... # p, with their average. For
exanple, if p; is less than p,.; then:

Piar " Py " (P%Pyey)/2

Were: pf = t he snoot hed observed proportion
nortality for effluent
concentration i.

7.1 For the data in this exanple, because the observed nortality
proportions for the control and the 6.25% effluent concentration
are greater than the observed response proportions for the 12. 5%
ef fl uent concentration, the responses for these three groups nust
be averaged:

s« 0.08%0.08%0.00 . 0.16

P, " P D, 2 " 0.053
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7.2 Since p; = 0.12 is larger than p5, set pi = 0.12. Simlarly,
p, = 0.64 is larger than p§, so set p; = 0.64. Finally, ps; = 1.00
is larger than p;, so set p = 1.00. Additional snpothing is not
necessary. The snoot hed observed proportion nortalities are
shown in Table I. 2.

TABLE I.2. EXAMPLE OF SPEARMAN-KARBER METHOD: SMOOTHED, ADJUSTED
MORTALITY DATA FROM A MYSID SURVIVAL AND GROWTH TEST

Smoothed,
Effluent Smoothed Adjusted
Concentration Mortality Mortality Mortality
% Proportion Proportion Proportion
Control 0.08 0.053 0.000
6.25 0.08 0.053 0.000
12.5 0.00 0.053 0.000
25.0 0.12 0.120 0.071
50.0 0.64 0.640 0.620
100.0 1.00 1.000 1.000

8. Adjust the snoothed observed proportion nortality in each
ef fl uent concentration for nortality in the control group using
Abbott's formula (Finney, 1971). The adjustnent takes the form

pf = (pf - p3) / (1 - pj)

Wer e: ps = the snoot hed observed proportion nortality for the
control
p; = the snoot hed observed proportion nortality for

effluent concentration i.

8.1 For the data in this exanple, the data for each effl uent
concentration nust be adjusted for control nortality using
Abbott's formula, as foll ows:

s 4. a. P &DP; . 0.053&0.053 . 0.0 .
Po  P;  P;
18ps 18&0.053 0.947
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S N
pa - pP; &P, . 0.120 & 0.053 . 0.067
3 s 1&0.053 0.947
1&p,

S S
piv P &Po . 0.64080.053 . 0.587
Y leps 18 0.053 0.947
& p,

S N
pi+ Ps &Py . 1.00080.053 . 0.947
° s 18 0.053 0.947
1&p,

The snoot hed, adjusted response proportions for the effluent
concentrations are shown in Table I.2. A plot of the snpothed,
adjusted data is shown in Figure I.1.

9. Calculate the log,, of the estimated LC50, m as foll ows:

kfl(pgu&pf)(Xf%XWM)
i1 2

Where: p? = the snoothed adjusted proportion nortality at
concentration i

X, = the |l og,, of concentration i

k = the nunber of effluent concentrations tested, not
i ncluding the control.

9.1 For this exanple, the log,, of the estinmated LC50, m is
cal cul ated as foll ows:

m = [(0.000 - 0.000) (0.7959 + 1.0969)]/2 +
[(0.071 - 0.000) (1.0969 + 1.3979)]/2 +
[(0.620 - 0.071) (1.3979 + 1.6990)]/2 +
[(1.000 - 0.620) (1.6990 + 2.0000)]/2

1. 64147
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10. Calculate the estinmated vari ance of mas foll ows:

kel pfa(l&pia) (Xi%l&Xi&l)Z
12 4(n,&1)

Vim) =

Where: X

the 1 og,, of concentration i

n, = the nunber of organisns tested at effl uent
concentration i

p2 = the snoot hed adj usted observed proportion nortality
at effluent concentration i

k = the nunber of effluent concentrations tested, not
i ncluding the control.

10.1 For this exanple, the estimated variance of m V(m, is
cal cul ated as foll ows:

0.7959) 2 4(24) +
1. 0969) %/ 4(24) +
1. 3979) %/ 4( 24)

V(m = (0.000)(1.000)(1.3979

(0.071) (0. 929) (1. 6990
(0. 620) (0. 380) ( 2. 0000

0.0011388

11. Cal cul ate the 95% confi dence interval for m

m=*2.0JV(m)

11.1 For this exanple, the 95% confidence interval for mis
cal cul ated as foll ows:

1.64147 +2y0.0011388 = (1.57398, 1.70896)

12. The estimated LC50 and a 95% confi dence interval for the
estimated LC50 can be found by taking base,, antil ogs of the
above val ues.
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12.1 For this exanple, the estimated LC50 is cal cul ated as
foll ows:

LC50 = antilog(m = antilog(1l.64147) = 43.8%
12.2 The limts of the 95% confi dence interval for the estinated

LC50 are cal culated by taking the antilogs of the upper and | ower
limts of the 95% confidence interval for mas foll ows:

lower limt: antilog(1l.57398) 37.5%

upper limt: antil og(1l. 70896) 51. 2%
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APPENDI X J

TRI MVED SPEARVAN- KARBER METHOD

1. The Trinmred Spearnman-Karber Method is a nodification of the
Spear man- Kar ber Met hod, a nonparanetric statistical procedure for
estimating the LC50 and the associ ated 95% confi dence interval
(Hamlton, et al, 1977). The Tri nmed Spear man- Karber Met hod
estimates the trimmed nmean of the distribution of the |og,, of
the tolerance. |If the log tolerance distribution is symetric,
this estimate of the trimmed nmean is equivalent to an estinate of
the median of the log tolerance distribution.

2. |If the response proportions are not nonotonically non-
decreasing with increasing concentration (constant or steadily
increasing wth concentration), the data nust be snoot hed.
Abbott's procedure is used to "adjust" the concentration response
proportions for nortality occurring in the control replicates.

3. Use of the Trimed Spear man- Karber Method is recommended only
when the requirenments for the Probit Analysis and the Spearman-
Kar ber Met hod are not net.

4. To calculate the LC50 using the Tri mred Spear man- Kar ber
Met hod, the snoothed, adjusted, observed proportion nortalities
must bracket O0.5.

5. To calcul ate the 95% confidence interval for the LC50
estimate, one or nore of the snoothed, adjusted, observed
proportion nortalities nust be between zero and one.

6. Let po P, ..., P denote the observed proportion nortalities
for the control and the k effluent concentrations. The first
step is to snooth the p, if they do not satisfy p, # p, # ... #
p.. The snoothing process replaces any adjacent p;,'s that do not
conformto p, # p, # ... # p, Wth their average. For exanple,

if p; is less than p;.; then:

pi.e = pF = (P + piig)/2

Were: pf t he snoot hed observed proportion nortality for

effluent concentration i.
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7. Adjust the snoothed observed proportion nortality in each
ef fl uent concentration for nortality in the control group using
Abbott's formula (Finney, 1971). The adjustnent takes the form

pf = (p? - p3) / (1 - pj)

Wer e: pi = the snoothed observed proportion nortality for the
control
p; = the snoothed observed proportion nortality for

effl uent concentration i.

8. Calculate the anpbunt of trimto use in the estinmation of the
LC50 as foll ows:

Trim= max(p3 1-pd
Were: p3} = the snoot hed, adjusted proportion nortality for
the | owest effluent concentration, exclusive of
t he control
p2 = the snoot hed, adjusted proportion nortality for
t he hi ghest effluent concentration
k = the nunber of effluent concentrations, exclusive

of the control

The mnimumtrimshould be cal cul ated for each data set rather
than using a fixed amount of trimfor each data set.

9. Due to the intensive nature of the calculation for the
estimated LC50 and the cal culation of the associated 95%
confidence interval using the Trimed Spear man- Kar ber Method, it
is reconmended that the data be anal yzed by conputer.

10. A conputer program which estimates the LC50 and associ at ed
95% confi dence interval using the Trimred Spear nman- Kar ber Mt hod,
can be obtai ned through EVSL, 3411 Church Street, G ncinnati, OH
45244. The program can be obtained from EMSL- G nci nnati by
sending a witten request to the above address.
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11. The Trinmed Spear man- Kar ber program autonatically perforns
the foll ow ng functions:

a. Snoot hi ng.

b. Adjustnment for nortality in the control.

c. Calculation of the necessary trim

d. Calculation of the LC50.

e. Calculation of the associated 95% confi dence interval.
12. To illustrate the Tri nmed Spearman-Karber nethod using the

Trimed Spear man- Kar ber conputer program a set of data froma
Topsnelt Larval Survival and Gowh test will be used. The data
are listed in Table J. 1.

TABLE J.1. EXAMPLE OF TRIMMED SPEARMAN-KARBER METHOD: MORTALITY
DATA FROM A TOPSMELT LARVAL SURVIVAL AND GROWTH TEST (25
ORGANISMS PER CONCENTRATION)
$373333333333333333333333311133333333311133333333111133))))))))))))Q
Effluent Number of Mortality
Concentration Mortalities Proportion
Z
$3333333333333333333333333111333333331113333333311113)))))))))))))Q

Control 0 0.00
6.25 2 0.08
12.5 1 0.04
25.0 5 0.20
50.0 25 1.00
100.0 25 1.00

$33313311333333333331333333333333113333333333331333333333)))))))))Q

12.1 The programrequests the follow ng input (Figure J.1):
a. Qutput destination (D = disk file or P = printer).
b. Control data.
c. Data for each toxicant concentration.

12.2 The program out put includes the follow ng (Figure J.2):
a. Atable of the concentrations tested, nunber of
organi sns exposed, and the nortalities.
b. The anobunt of trimused in the cal cul ation.
c. The estimated LC50 and the associ ated 95% confi dence
i nterval
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A: >TSK

TRI MVED SPEARVAN- KARBER METHOD. VERSION 1.5
ENTER DATE OF TEST:
1
ENTER TEST NUMBER:
2
VWHAT | S TO BE ESTI MATED?
(ENTER "L" FOR LC50 AND "E" FOR EC50)
L
ENTER TEST SPECI ES NAME:
Topsnel t
ENTER TOXI CANT  NAME:
ef fl uent
ENTER UNI TS FOR EXPOSURE CONCENTRATI ON OF TOXI CANT :
%
ENTER THE NUMBER OF | NDI VI DUALS | N THE CONTROL:
25
ENTER THE NUMBER OF MORTALITIES I N THE CONTROL:
0
ENTER THE NUMBER OF CONCENTRATI ONS
(NOT | NCLUDI NG THE CONTROL; MAX = 10):
5
ENTER THE 5 EXPOSURE CONCENTRATI ONS (I N | NCREASI NG ORDER) :
6.25 12.5 25 50 100
ARE THE NUMBER OF | NDI VI DUALS AT EACH EXPOSURE CONCENTRATI ON EQUAL(Y/ N) ?

y

ENTER THE NUMBER OF | NDI VI DUALS AT EACH EXPOSURE CONCENTRATI ON:
25

ENTER UNI TS FOR DURATI ON OF EXPERI MENT

(ENTER "H' FOR HOURS, "D' FOR DAYS, ETC.):

Days

ENTER DURATI ON OF TEST:

7

ENTER THE NUMBER OF MORTALI TI ES AT EACH EXPOSURE CONCENTRATI ON:
2152525

WOULD YQU LI KE THE AUTOVATI C TRI M CALCULATI ON(Y/ N) ?

y

Figure J.1. Exanple input for Trimed Spear man- Kar ber Met hod.
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TRI MVED SPEARVAN- KARBER METHOD. VERSION 1.5

DATE: 1 TEST NUMBER: 2 DURATI ON: 7 Days
TOXI CANT: effl uent
SPECI ES: Topsnel t

RAW DATA: Concentration Nunber Mortalities
(99 Exposed
.00 25 0
6. 25 25 2
12.50 25 1
25. 00 25 5
50. 00 25 25
100. 00 25 25
SPEARMAN- KARBER TRI M 6. 00%
SPEARMVAN- KARBER ESTI MATES: LC50: 30.98
95% LONER CONFI DENCE: 27. 17
95% UPPER CONFI DENCE: 35.32

NOTE: MORTALI TY PROPORTI ONS VWERE NOT MONOTONI CALLY | NCREASI NG
ADJUSTMENTS WERE MADE PRI OR TO SPEARVAN- KARBER ESTI MATI ON.

Figure J.2. Exanple output for Trinmed Spearnman-Karber Met hod.
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APPENDI X K

GRAPHI CAL METHOD

1. The Graphical Method is used to calculate the LC50. It is a
mat hemat i cal procedure which estimates the LC50 by linearly

i nterpol ati ng between points of a plot of observed percent
nortality versus the base 10 |ogarithm (Il og,,) of percent

ef fl uent concentration. This nethod does not provide a
confidence interval for the LC50 estimate and its use is only
recommended when there are no partial nortalities after the data
i s snmoot hed and adjusted for control nortality. The only

requi renent for the Gaphical Method is that the observed percent
nortalities bracket 50%

2. For an analysis using the Gaphical Method the data nust
first be snpbothed and adjusted for nortality in the control
replicates. The procedure for snoothing and adjusting the data
is detailed in the foll ow ng steps.

3. The Gaphical Method is illustrated bel ow using a set of
nortality data froma Topsnelt Larval Survival and Gowh test.
These data are listed in Table K 1

TABLE K.1. EXAMPLE OF GRAPHICAL METHOD: MORTALITY DATA FROM A
TOPSMELT LARVAL SURVIVAL AND GROWTH TEST (25
ORGANISMS PER CONCENTRATION)
$32331333133113313331333133113313331333133113)11331)3)1))))))))))Q
Effluent Number of Mortality
Concentration Mortalities Proportion
4
$323313331331133133313331333133113331)33133113311331)))1))))))))))Q

Control 1 0.04

6.25 0 0.00
12.5 0 0.00
25.0 0 0.00
50.0 25 1.00
100.0 25 1.00

$3331313113333333333313333333333333113333333333331333333333333))))))Q

643



4. Let py, P, ---, Px denote the observed proportion nortalities
for the control and the k effluent concentrations. The first

step is to snooth the p;, if they do not satisfy p, # p, # ... #
p.. The snoot hing process replaces any adjacent p;'s that do not
conformto p, # p, # ... # po Wth their average. For example, if

p; is less than p;., then:

Piar " Py " (P%Dg;) /2

Where: p’ = the snoot hed observed proportion nortality for
ef fl uent concentration i.

4.1 For the data in this exanple, because the observed nortality
proportions for the 6.25% 12.5% and 25.0% effl uent
concentrations are | ess than the observed response proportion for
the control, the values for these four groups nust be averaged:

Sw  Sw Su s« 0.00%0.00%0.00%0.00 . 0.04

P " P’ TPy T P y " 0.01

4.2 Since p, = ps = 1.00 are larger then 0.01, set p; = p: =
1.00. Additional snmoothing is not necessary. The snoot hed
observed proportion nortalities are shown in Table K 2.

5. Adjust the snoothed observed proportion nortality in each

ef fl uent concentration for nortality in the control group using
Abbott's fornmula (Finney, 1971). The adjustnent takes the form

pi " (p &py) /(1&p,)

Were: pj = the snoot hed observed proportion nortality for the
control
p; = the snoot hed observed proportion nortality for

effl uent concentration i.
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5.1 Because the snpot hed observed proportion nortality for the
control group is greater than zero, the responses nust be
adj usted using Abbott's fornula, as follows:

P &p;, . 0.01&0.01 . 0.0
poa - pla - pza - paa - 1 0 w . . - . - 0.0
18ps 1&0.0125  0.99
S& S
pi pl Ps &Py . 1.00&0.01 . 0.99 . ; ,

18ps 18&0.01 0.99

A table of the snoothed, adjusted response proportions for the
ef fl uent concentrations is shown in Table K 2.

TABLE K.2. EXAMPLE OF GRAPHICAL METHOD: SMOOTHED, ADJUSTED
MORTALITY DATA FROM A TOPSMELT LARVAL SURVIVAL AND
GROWTH TEST

$333131113333333333313333333333331313333333333313133333333)333))))))Q

Smoothed,
Effluent Smoothed Adjusted
Concentration Mortality Mortality Mortality
4 Proportion Proportion Proportion
S$331131331331331331331331331313313313113113133131131))1))1))))))))Q
Control 0.04 0.01 0.00
6.25 0.00 0.01 0.00
12.5 0.00 0.01 0.00
25.0 0.00 0.01 0.00
50.0 1.00 1.00 1.00
100.0 1.00 1.00 1.00

$3331311133333333333131333333333331333333333333131333333333333))))))Q

5.2 Plot the snoothed, adjusted data on 2-cycle sem -10g graph
paper with the logarithmc axis (the y axis) used for percent

ef fl uent concentration and the linear axis (the x axis) used for
observed percent nortality. A plot of the snoothed, adjusted
data is shown in Figure K 1.
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Figure K.1. Plot of the smoothed adjusted response proportions for
topsmelt, Atherinops affinis, survival data.
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6. Locate the two points on the graph which bracket 50%
nortality and connect themw th a straight |ine.

7. On the scale for percent effluent concentration, read the
value for the point where the plotted line and the 50% nortality
line intersect. This value is the estimted LC50 expressed as a
percent effluent concentration.

7.1 For this exanple, the two points on the graph which bracket
the 50% nortality line (0% nortality at 25% effluent, and 100%
nortality at 50% effluent) are connected with a straight Iine.
The point at which the plotted Iine intersects the 50% nortality
line is the estimated LC50. The estimated LC50 = 35% ef fl uent.
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APPENDI X L

LI NEAR | NTERPOLATI ON METHCD

1. GENERAL PROCEDURE

1.1 The Linear Interpolation Method is used to cal cul ate a point
estimate of the effluent or other toxicant concentration that
causes a given percent reduction (e.g., 25% 50% etc.) in the
reproduction or growmh of the test organisns (Inhibition
Concentration, or 1C). The procedure was designed for general
applicability in the analysis of data fromshort-term chronic
toxicity tests, and the generation of an endpoint froma
continuous nodel that allows a traditional quantitative
assessnment of the precision of the endpoint, such as confidence
[imts for the endpoint of a single test, and a nean and
coefficient of variation for the endpoints of nultiple tests.

1.2 The Linear Interpolation Method assunmes that the responses
(1) are nonotonically non-increasing, where the nmean response for
each higher concentration is less than or equal to the nean
response for the previous concentration, (2) follow a piecew se
i near response function, and (3) are froma random i ndependent,
and representative sanple of test data. |If the data are not
nonot oni cal Iy non-increasing, they are adjusted by snoot hing
(averaging). In cases where the responses at the | ow toxicant
concentrations are nmuch higher than in the controls, the

snoot hing process may result in a |arge upward adjustnment in the
control nean. Also, no assunption is made about the distribution
of the data except that the data within a group being resanpl ed
are i ndependent and identically distributed.

2. DATA SUMVARY AND PLOTS

2.1 Calculate the nean responses for the control and each

t oxi cant concentration, construct a sunmary table, and plot the
dat a.

3. MONOTONI CI TY

3.1 If the assunption of nonotonicity of test results is net,
t he observed response neans (&) should stay the sane or decrease
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as the toxicant concentration increases. |f the neans do not
decrease nonotonically, the responses are "snoot hed" by averaging
(pooling) adjacent neans.

3.2 (Qbserved neans at each concentration are considered in order
of increasing concentration, starting with the control nean (&,).
| f the nmean observed response at the | owest toxicant
concentration (&, is equal to or smaller than the control nean
(&,), it is used as the response. |If it is larger than the
control nean, it is averaged with the control, and this average
is used for both the control response (M) and the | owest

t oxi cant concentration response (M). This nmean is then conpared
to the nmean observed response for the next higher toxicant
concentration (&;). Again, if the nean observed response for the
next hi gher toxicant concentration is smaller than the nean of
the control and the | owest toxicant concentration, it is used as
the response. [If it is higher than the nmean of the first two, it
is averaged with the first two, and the nean is used as the
response for the control and two | owest concentrations of
toxicant. This process is continued for data fromthe remaining
t oxi cant concentrations. A nunerical exanple of snoothing the
data is provided below. (Note: Unusual patterns in the

devi ations fromnonotonicity may require an additional step of
snoot hing). Were & decrease nonotonically, the & becone M

wi t hout snoot hi ng.

4. LI NEAR | NTERPOLATI ON METHCD

4.1 The nmethod assunes a |inear response fromone concentration
to the next. Thus, the ICp is estimated by |inear interpolation
bet ween two concentrati ons whose responses bracket the response
of interest, the (p) percent reduction fromthe control.

4.2 To obtain the estinate, determ ne the concentrations C, and
C,;; Which bracket the response M (1 - p/100), where M is the
snoot hed control nean response and p is the percent reduction in
response relative to the control response. These cal cul ations
can easily be done by hand or with a conputer program as

descri bed bel ow. The linear interpolation estimate is

cal cul ated as foll ows:
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(Cyy&C,)

ICp " C,% [ M, (18&p/100) &M, ]
SERE ! £ T M, & M)

Wher e: G = tested concentrati on whose observed nean
response is greater than M(1 - p/100).

G .1 = tested concentrati on whose observed nean
response is less than M(1 - p/100).

M = snoot hed nean response for the control.

M = snoot hed nmean response for concentration
J.

\V/ = snoot hed nmean response for concentration
J + 1.

p = percent reduction in response relative

to the control response.

| Cp = estimated concentration at which there
is a percent reduction fromthe snoot hed
mean control response. The I1Cp is
reported for the test, together with the
95% confi dence interval cal cul ated by
the | CPI N. EXE program descri bed bel ow.

4.3 If the C, is the highest concentration tested, the 1Cp would
be specified as greater than C,. If the response at the | owest
concentration tested is used to extrapolate the |1 Cp value, the

| Cp should be expressed as a | ess than the | owest test
concentration.

5. CONFI DENCE | NTERVALS

5.1 Due to the use of a linear interpolation technique to
calculate an estimate of the I Cp, standard statistical nethods
for cal culating confidence intervals are not applicable for the
ICp. This limtation is avoi ded by use a techni que known as the
boot strap nmet hod as proposed by Efron (1982) for deriving point
estimates and confidence intervals.
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5.2 1In the Linear Interpolation Method, the snoothed response
means are used to obtain the ICp estimate reported for the test.
The bootstrap nmethod is used to obtain the 95% confi dence
interval for the true nean. |In the bootstrap nethod, the test
data Y;; is randomy resanpled with replacenent to produce a new
set of data Y;;*, that is statistically equivalent to the
original data, but a new and slightly different estimte of the
ICp (1Cp*) is obtained. This process is repeated at |east 80
times (Marcus and Holtzman, 1988) resulting in multiple "data"
sets, each with an associate | Cp* estimate. The distribution of
the | Cp* estimates derived fromthe sets of resanpled data
approxi mates the sanpling distribution of the 1Cp estimate. The
standard error of the I1Cp is estimated by the standard devi ation
of the individual |1Cp* estimates. Enpirical confidence intervals
are derived fromthe quantiles of the | Cp* enpirica
distribution. For exanple, if the test data are resanpled a

m ni mum of 80 tines, the enpirical 2.5% and the 97.5% confi dence
limts are approximately the second snal |l est and second | argest

| Cp* estimates (Marcus and Hol t zman, 1988).

5.3 The width of the confidence intervals cal culated by the
bootstrap nmethod is related to the variability of the data. Wen
confidence intervals are wide, the reliability of the IC estinate
is in question. However, narrow intervals do not necessarily
indicate that the estinmate is highly reliable, because of

undet ected vi ol ati ons of assunptions and the fact that the
confidence limts based on the enpirical quantiles of a bootstrap
di stribution of 80 sanples may be unstabl e.

5.4 The bootstrappi ng nethod of cal culating confidence intervals
is conputationally intensive. For this reason, all of the

cal cul ati ons associated with determi ning the confidence intervals
for the ICp estimate have been incorporated into a conputer
program Conputations are nost easily done with a conputer
program such as the revision of the BOOTSTRP program ( USEPA,

1988; USEPA, 1989) which is now called "ICPIN' and is described
bel ow i n subsection 7.

6. MANUAL CALCULATI ONS

6.1 DATA SUWARY AND PLOTS

651



6.1.1 The data used in this exanple are the nysid growh data
used in the exanple in Section 14. The data is presented as the
mean wei ght per surviving organism Table L.1 includes the raw
data and the nmean growth for each concentration. A plot of the
data is provided in Figure L. 1.

6.2 MONOTONICTY

6.2.1. As seen in the table, the observed neans are
nmonot oni cal |y non-increasing with respect to concentrati on.
Therefore, the snoothed nmeans will be sinply the correspondi ng
observed nmean. The observed neans are represented by & and the
snoot hed neans by M. Table L.2 contains the snoothed neans and
Figure L.1 gives a plot of the snoothed response curve.

6.3 LI NEAR | NTERPOLATI ON

6.3.1 An estimates of the I C25 can be cal cul ated using the

Li near Interpolation Method. A 25% reduction in nean wei ght,
conpared to the controls, would result in a nean wei ght of 0.039,
where M(1l-p/100) = 0.052(1-25/100). Exam ning the snoothed
means and their associated concentrations (Table L.2), the
response, 0.039 ny, is bracketed by C, = 5.60% and and G =

10. 0%

TABLE L.1. MYSID, HOLMESIMYSIS COSTATA, GROWTH DATA
2313331133313331333133313133313331333133333331133313333333333333133)13))))))

Concentration (%)

Replicate Control 1.80 3.20 5.60 10.0
))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

0.048 0.055 0.057 0.041 0.033

2 0.058 0.048 0.050 0.040 0.000

3 0.047 0.042 0.046 0.041 0.000

4 0.058 0.041 0.043 0.043 0.000

5 0.051 0.052 0.045 0.040 0.000
0000000000000 0000000000000 0000000000 000000 0000000000 0000000000))))

Mean(&,) 0.052 0.048 0.048 0.041 0.007

i 1 2 3 4 5
2333333131113333333333133133333333333133333333333313333333333333333333))))))
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TABLE L.2. MYSID, HOLMESIMYSIS COSTATA, MEAN
GROWTH RESPONSE AFTER SMOOTHING

$333133113333333331313113333333331311333333333331333333333)331))))))))Q

Toxicant Response Smoothed
Conc. Means Means
(%) i Y, (mg) M. (mg)
S)D300000000000000300000000 0000000030000 00000000000000000000)))),
Control 1 0.052 0.052
1.80 2 0.048 0.048
3.20 3 0.048 0.048
5.60 4 0.041 0.041
10.00 5 0.007 0.007
18.00 6 0.000 0.000

$33313311333333333313133333333331313333333333331333333333)33)))))))))Q

6.3.2 Using the equation fromsection 4.2, the estimte of the
| C25 is calculated as foll ows:

(Coop &Cy)
(M, &M,)

ICp " C,% [ M, (1&p/100) &M, ]

(10.0 & 5.60)
(0.007 & 0.041)

IC25 " 5.60% [0.052 (1 & 25/100) & 0.041]
= 5.86%
6.4 CONFI DENCE | NTERVALS

6.4.1 Confidence intervals for the ICp are derived using the
boot strap nmethod. As described above, this nethod invol ves
randomy resanpling the individual observations and recal cul ating
the 1Cp at least 80 tinmes, and determ ning the nean | Cp, standard
devi ation, and enpirical 95% confidence intervals. For this
reason, the confidence intervals are cal cul ated using a conputer
programcalled ICPIN. This programis described below and is
available to carry out all the calculations of both the
interpolation estimate (1 Cp) and the confidence intervals.
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7. COWPUTER CALCULATI ONS

7.1 The conputer program I|CPIN, prepared for the Linear

| nt er pol ati on Methods was witten in TURBO PASCAL for |BM

conpati ble PCs. The program (version 2.0) has been nodified by
Comput er Sci ence Corporation, Duluth, MN w th funding provided by
t he Environnmental Research Laboratory, Duluth, M\ (Norberg-King,
1993). The programwas originally devel oped by Battelle
Laborat ori es, Colunbus, OH through a governnment contract
supported by the Environnmental Research Laboratory, Duluth, M
(USEPA, 1988). A conpiled, executable version of the program and
supporting docunentation can be obtained by sending a witten
request to EMSL-Ci ncinnati, 3411 Church Street, Cincinnati, OH
45244.

7.2 The I CPIN EXE program perfornms the follow ng functions: 1)
it calculates the observed response neans (Y;) (response neans);
2) it calculates the standard deviations; 3) checks the
responses for nonotonicity; 4) cal cul ates snoot hed neans (M)
(pool ed response neans) if necessary; 5) uses the neans, M, to
calculate the initial 1Cp of choice by linear interpolation; 6)
perfornms a user-specified nunber of bootstrap resanpl es between
80 and 1000 (as multiples of 40); 7) calculates the nean and
standard devi ati on of the bootstrapped ICp estimtes; and 8)
provi des an original 95% confidence intervals to be used with the
initial 1Cp when the nunber of replicates per concentration is
over six and provides both original and expanded confi dence

i nterval s when the nunber of replicates per concentration are

| ess than seven (Norberg-King, 1993).

7.3 For the I1Cp calculation, up to twelve treatnents can be

i nput (which includes the control). There can be up to 40
replicates per concentration, and the program does not require an
equal nunber of replicates per concentration. The value of p can
range from 1% to 99%

7.4 DATA | NPUT
7.4.1 Data is entered directly into the program onscreen. A
sanple data entry screen in shown in Figure L.2. The program

docunent ati on provi des gui dance on the entering and anal ysis of
data for the Linear Interpolation Mthod.
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ICp Data Entry/Edit Screen Current File:
Conc. ID * 1 4 * 5
Conc. Tested
Response 1
Response
Response 3
Response 4
Response 5
Response 6
Response 7
Response 8
Response 9
Response 10
Response 11
Response 12
Response 13
Response 14
Response 15
Response 16
Response 17
Response 18
Response 19
Response 20

% % o % X b 3k X ok ok X % ok X X ok X X o
% % b % X b 3k X b 3k X o ok X % ok X X o % X
% % b % X b 3k X b 3k X o ok X % ok X X o % X
% % b % X b 3k X b 3k X o ok X % ok X X o % X
% % o % X b 3k X o 2k X % ok X X ok X X o ¥
% % b X X b 3k X b 3k X o ok X X ok X X F % X

Q4444444448444 484448444448444884844484444488444484448444444444444444444444444444444
F10 for Command Menu Use Arrow Keys to Switch Fields

Figure L.2. ICp data entry/edit screen. Twelve concentration
identifications can be used. Data for concentrations
are entered in columns 1 through 6. For concentrations

656



7.4.2 The user selects the ICp estimate desired (e.g., 1C25 or

| C50) and the nunber of resanples to be taken for the bootstrap
nmet hod of cal culating the confidence intervals. The program has
the capability of perform ng any nunber of resanples from380 to
1000 as multiples of 40. However, Marcus and Hol t znan (1988)
recommend a m ni num of 80 resanples for the bootstrap nmethod be
used and at |east 250 resanples are better (Norberg-King, 1993).

7.5 DATA QUTPUT

7.5.1 The program output includes the following (see Figure L.3)

1

7.6

A table of the concentration identification, the
concentration tested and raw data response for each
replicate and concentrati on.

A table of test concentrations, nunber of replicates,
concentration (units), response neans (Y;), standard

devi ations for each response nmean, and the pool ed
response neans (snoothed neans; M).

The linear interpolation estinate of the I Cp using the
means (M). Use this value for the I Cp estimate.

The nean |1 Cp and standard deviation fromthe bootstrap
resanpl i ng.

The confidence intervals cal cul ated by the bootstrap

met hod for the 1Cp. Provides an original 95% confi dence
intervals to be used with the initial 1Cp when the nunber
of replicates per concentration is over six and provides
bot h original and expanded confidence intervals when the
nunber of replicates per concentration are |ess than
seven.

| CPI N program out put for the analysis of the mysid growth

data in Table L.1 is provided in Figure L. 3.

7.6.1 Wen the ICPIN programwas used to anal yze this set of

dat a,
5.8174%

requesting 80 resanples, the estinate of the I C25 was

The empirical 95% confidence intervals for the true

mean was 4.9440%to 6. 2553%
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Conc. Tested 0 1.80 3.20 5. 60 10.0 18.0
Response 1 048 055 . 057 041 033 0
Response 2 . 058 . 048 . 050 . 040 0 0
Response 3 . 047 . 042 . 046 . 041 0 0
Response 4 058 041 . 043 043 0 0
Response 5 051 052 . 045 040 0 0

*** | nhibition Concentration Percentage Estinmate ***
Toxi cant/Effluent: Effluent

Test Start Date: Test Endi ng Date:
Test Species: nysid, Hol nesinysis costata
Test Duration: 7 days

DATA FILE: nysid.icp
QUTPUT FILE: nysid.i?25

Conc. Nunber Concentration Response St d. Pool ed
I D Repl i cates % Means Dev. Response Means
1 5 0. 000 0. 052 0. 005 0. 052
2 5 1. 800 0. 048 0. 006 0. 048
3 5 3. 200 0. 048 0. 006 0. 048
4 5 5. 600 0. 041 0.001 0. 041
5 5 10. 000 0. 007 0. 015 0. 007
6 5 18. 000 0. 000 0. 000 0. 000
The Linear Interpolation Estimate: 5.8174 Entered P Val ue: 25
Nunber of Resanplings: 80
The Bootstrap Estimates Man: 5.8205 Standard Devi ation: 0.2673
Original Confidence Limts: Lower : 4.9440 Upper: 6. 2553
Expanded Confidence Limts: Lower : 4.5073 Upper: 6.4743
Resampling tine in Seconds: 0.22 Random Seed: 526805435

Figure L.3. Exanmple of ICPIN program output for the |C25.
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